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“A scientist in his laboratory is not a mere technician: 
he is also a child confronting natural phenomena 
that impress him as though they were fairy tales”
Marie Curie
 
5ABSTRACT
Physical activity (PA) has been associated with better cognition or decreased 
dementia incidence in many earlier studies. Since both PA and cognition are, 
to a large extent, heritable traits, the association found in earlier studies may be 
confounded by genetic selection. The aim of this thesis study was to ascertain 
whether midlife PA is associated with late-life dementia mortality and cognition 
and if objectively measured late-life PA is associated with late-life cognition and 
whether the possible associations are contributable to genetic factors and childhood 
shared environment. 
The thesis study was implemented in the older Finnish Twin Cohort. Vigorous 
PA and the volume of PA have been reported in questionnaires in 1975 and 1981. 
Dementia mortality was followed from the time of the questionnaire in 1981 to the 
HQGRIWKH\HDUQ $OOSDUWLFLSDQWVRYHU\HDUVRIDJHZHUHRɣHUHGWKH
possibility to participate in a telephone cognition interview. The cognition interview 
SDUWLFLSDQWVERUQLQ±ZHUHDOVRRɣHUHGWKHSRVVLELOLW\WRSDUWLFLSDWHLQ
accelerometer monitorings. The participation rates for questionnaires in 1975 and 
1981, cognition interviews and accelerometer monitorings were high considering the 
length of the follow-up (89%, 84%, 78% and 54% among twins alive and with an 
address in Finland). In the accelerometer study, there was a trend toward a slightly 
selected population regarding better education and healthier lifestyle. 
Among the 21,524 twins followed for dementia mortality, there were 353 
dementia deaths. Long-term vigorous PA was associated with decreased dementia 
PRUWDOLW\KD]DUGUDWLR+5 LQWKH IXOO\DGMXVWHGPRGHOFRQ¿GHQFH
intervals (CI) 0.39 – 0.93). The volume of PA and long-term quantitative physical 
LQDFWLYLW\ZHUHQRWVLJQL¿FDQWO\DVVRFLDWHGZLWKGHPHQWLDPRUWDOLW\$PRQJ
twins aged 65 years and older and who had participated in cognition interviews, 
KDGFRJQLWLYHLPSDLUPHQW/RQJWHUPYLJRURXV3$ZDVVLJQL¿FDQWO\DVVRFLDWHG
with better cognition (beta estimate 0.91, 95% CI 0.47 – 1.35), belonging to the 
most inactive quintile in both questionnaire years 1975 and 1981 was inversely 
DVVRFLDWHGZLWKFRJQLWLRQDQGYROXPHRI3$ZDVQRWVLJQL¿FDQWO\DVVRFLDWHGZLWK
cognition. Late-life objectively measured light PA was positively and sedentary 
EHKDYLRULQYHUVHO\DVVRFLDWHGZLWKODWHOLIHFRJQLWLRQEXWWKHHɣHFWVL]HVZHUHVPDOO
In analyses comparing twins with their co-twins, the point estimates were quite 
VLPLODUWRWKRVHIRXQGDWWKHLQGLYLGXDOOHYHOEXWZHUHVWDWLVWLFDOO\QRQVLJQL¿FDQW
The number of twin pairs discordant for PA and dementia mortality or cognition 
was very small. 
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7KHUHVXOWVLQGLFDWHWKDWPLGOLIHYLJRURXVDFWLYLW\LVVLJQL¿FDQWO\DVVRFLDWHGZLWK
decreased dementia mortality and better late-life cognition, but the associations are 
likely to be explained in part by genetic factors and childhood shared environment. 
The association of objectively measured PA and cognition in late-life seems weak 
and, also, explained in part by genetic factors and childhood shared environment. 
7TIIVISTELMÄ
Liikunta on monissa aiemmissa pitkittäistutkimuksissa yhdistetty sekä parempaan 
kognitioon eli muistiin ja tiedonkäsittelykykyyn että alentuneeseen muistisairauk-
sien ilmaantuvuuteen. Aiemmissa pitkittäistutkimuksissa ei ole kuitenkaan yleensä 
pystytty ottamaan huomioon geneettisten tekijöiden vaikutusta. Koska sekä lii-
kunta-aktiivisuus että kognitio ovat merkittävissä määrin geneettisesti säädeltyjä 
ominaisuuksia, tulisi geneettisten tekijöiden vaikutus pystyä tutkimuksessa kont-
rolloimaan luotettavasti. Tämän väitöstutkimuksen tavoite oli selvittää keski-iän 
liikunnan sekä kognition ja muistisairauskuolleisuuden yhteyttä sekä tutkia vanhan 
iän objektiivisesti mitatun liikunnan yhteyttä kognitioon. Lisäksi tavoitteena oli 
selvittää, selittyvätkö mahdolliset yhteydet geneettisillä tekijöillä tai lapsuuden ja 
nuoruuden kasvuympäristöllä. 
Aineisto perustuu suomalaiseen kaksoskohorttitutkimukseen. Kohorttiin kuulu-
vat kaikki ennen vuotta 1958 Suomessa syntyneet, samaa sukupuolta olevat kaksos-
parit, joiden molemmat osapuolet olivat elossa vielä vuonna 1967. Kaksoset vas-
tasivat vuosina 1975 ja 1981 laajoihin terveyskyselyihin, joissa kartoitettiin muun 
muassa niin liikunnan määrää kuin sen intensiteettiäkin. Kyselyjen osallistumisaste 
oli korkea (89% vuonna 1975 ja 84% vuonna 1981). Muistisairauskuolleisuutta seu-
rattiin vuoden 1981 kyselystä vuoden 2011 loppuun kaksosilla, jotka olivat vastan-
neet vuoden 1975 ja 1981 kyselyihin liikunnan osalta riittävän hyvin MET-indeksin 
(MET h (Metabolic equivalent hours) /päivä) laskemiseksi (n=21 524). Yli 65-vuo-
tiaille kohortin jäsenille tarjottiin mahdollisuutta osallistua puhelimitse toteutet-
tuun kognitiohaastatteluun (n= 3050, osallistumisaste 78%). Syntymäkohortteihin 
1940–1944 kuuluvilla oli lisäksi mahdollisuus osallistua vyötärölle kiinnitetyllä 
kiihtyvyysmittarilla toteutettuun liikunta-aktiivisuuden ja passiivisen ajan mitta-
ukseen (n= 726, osallistumisaste 54%). Kiihtyvyysmittaritutkimukseen osallistuneet 
kaksoset olivat siihen osallistumattomia keskimäärin hieman korkeammin koulu-
tettuja ja heillä oli keski-iässä hieman terveellisemmät elämäntavat. Tilastollisissa 
analyyseissa huomioitiin analyysista vaihdellen ikä, sukupuoli, koulutus, painoin-
deksi, tupakointi, alkoholin liikakäyttö, verenpainetauti, asumismuoto ja kiihty-
vyysmittarin käyttöaika. 
29 vuotta kestäneen seurannan aikana 21 524 kaksosen joukosta 353 kuoli muisti-
sairauteen. Keski-iän pitkäaikainen ripeä liikunta oli yhteydessä sekä alentuneeseen 
muistisairauskuolleisuuteen (vakioitu riskitiheyssuhde 0,60, luottamusväli [LV] 95% 
merkitsevyystasolla 0,39–0,93) että parempaan kognitioon yli kaksi vuosikymmen-
tä myöhemmin (vakioitu regressiokerroin 0,91, 95% LV 0,47–1,35). Annos-vaste-
suhdetta ei todettu liikunnan määrän ja kognition tai muistisairauskuolleisuuden 
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välillä, mutta kaksosilla, jotka kuuluivat fyysisesti in aktiivisimpaan viidennekseen 
molempina kyselyvuosina 1975 ja 1981 oli keskimäärin heikompi kognitio yli kak-
si vuosikymmentä myöhemmin kuin kaksosilla, jotka eivät kuuluneet fyysisesti 
in aktiivisimpaan viidennekseen kumpanakaan kyselyvuonna (vakioitu regressio-
kerroin 0,85, 95 % LV 0,22–1,48). Vanhalla iällä objektiivisesti mitattu passiivinen 
aika oli käänteisesti ja kevyen liikunnan määrä positiivisesti yhteydessä kognitioon, 
mutta vaikutus ei ollut suuri (passiivinen aika: vakioitu regressiokerroin – 0,21, 
95% LV – 0,42–[-0,003], kevyt liikunta: vakioitu regressiokerroin 0,30, 95% LV 
0,02–0,58). Parittaisissa analyyseissa, joissa vertailtiin kaksosparien sisäisiä eroja 
liikunnassa kaksosparien sisäisiin eroihin kognitiossa tai muistisairauskuolleisuu-
dessa, ei löydetty tilastollisesti merkitseviä yhteyksiä, vaikka trendit olivat saman 
tyyppisiä kuin yksilöanalyyseissa. Sekä liikunnan että muistisairauskuolleisuuden 
tai kognition suhteen diskordantteja eli erilaisia kaksospareja oli erittäin vähän 
suhteessa mukana olleiden kaksosparien määrään. 
Tämän väitöskirjan tulokset osoittavat, että keski-iän ripeä liikunta on yhteydessä 
parempaan kognitioon ja alentuneeseen muistisairauskuolleisuuteen yli kaksi vuo-
sikymmentä myöhemmin, mutta yhteys selittyy ainakin osin geneettisillä tekijöillä 
sekä lapsuus- ja nuoruusiän kasvuympäristöllä. Objektiivisesti mitatun liikunnan ja 
passiivisen ajan yhteys kognitioon vanhalla iällä on heikko ja selittyy myös osittain 
geneettisillä tekijöillä sekä lapsuuden ja nuoruuden kasvuympäristöllä. 
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ABBREVIATIONS
06 7KHPRGL¿HG0LQL0HQWDO6WDWH([DPLQDWLRQ
$ǃ ǃDP\ORLGSHSWLGH
AD  Alzheimer’s disease
AICD  Amyloid precursor protein intracellular domain
APE  Angle for posture estimation
Apo E  Apolipoprotein E
APP  Amyloid precursor protein
BDNF  Brain-derived neurotrophic factor
BMI Body mass index
CADASIL Cerebral autosomal dominant arteriopathy with  
 subcortical infarct leukoencephalopathy
CERAD The Consortium to Establish a Registry for Alzheimer’s Disease
&, &RQ¿GHQFHLQWHUYDO
CNS   Central nervous system
CRP      C-reactive protein
&6) &HUHEURVSLQDOÀXLG
CT     Computed tomography                
DNA  Deoxyribonucleic acid
DSM  The Diagnostic and Statistical Manual of Mental Disorders
DZ    Dizygotic
FCAA  Familial cerebral amyloid angiopathy
FDG   Fluorodeoxyglucose
GWAS   Genome-wide association studies
HDL   High-density lipoproteins
HR   Hazard ratio
,&' ,QWHUQDWLRQDO&ODVVL¿FDWLRQRI'LVHDVHV
IGF-1     Insulin-like growth factor
,/ǃ ,QWUDOHXNLQEHWD
IQ Intelligence quotient
kD   Kilodalton
LPA   Light physical activity
LTPA  Leisure-time physical activity
MAD  Mean amplitude deviation
MCI  Mild cognitive impairment
MET   Metabolic equivalent of task
MID   Multi-infarct dementia
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MMSE   Mini-Mental State Examination
MRI    Magnetic resonance imaging
MVPA  Moderate-to-vigorous physical activity
MZ   Monozygotic
NINCDS-ADRDA National Institute of Neurological and Communicative  
 Disorders and Stroke – and the Alzheimer’s Disease and  
 Related Disorders Association 
OR  Odds ratio
PA  Physical activity
PET   Positron emission tomography
QLactive  Active according to long-term quantitative physical activity
QLchange   Group of change in long-term quantitative physical activity
QLinactive  Inactive according to long-term quantitative physical activity
RCT Randomized controlled trial
SB  Sedentary behaviour
SD Standard deviation
SIVD   Subcortical ischemic vascular dementia
TELE   Telephone assessment of dementia
TICS  Telephone Interview of Cognitive Status
71)Į 7XPRUQHFURVLVIDFWRUDOSKD
VaD  Vascular dementia
VLactive  Active according to long-term vigorous physical activity
VLchange   Group of change in long-term vigorous physical activity
VLDL  Very-low density lipoproteins
VLinactive  Inactive according to long-term vigorous physical activity
VO2   Oxygen consumption
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1 INTRODUCTION
7KHZRUOGVFUHDPVIRUSUHYHQWLYHPHDQVWRÀHHIURPWKHJDSLQJPDZRIGHPHQWLD
7KH QHHG LV SHUVRQDO VRFLHWDO DQG HFRQRPLF'HVSLWH WKH DJHVSHFL¿F ULVN RI
dementia declining with younger generations (Langa, 2015), the prevalence of 
dementia is still expected to rise world-wide because of population aging (Norton 
et al., 2013). Physical inactivity seems a tempting target for prevention considering 
its wide prevalence among adults aged 18 years and older: approximately 66% in 
the U.S. (Fine et al., 2004) and 77% in Finland are inactive according to a recent 
accelerometer study (Husu et al., 2016). With the new PA recommendations also 
allowing PA bouts lasting less than 10 minutes to be counted, the numbers may 
grow smaller (2018 Physical Activity Guidelines Advisory Committee, 2018), but 
the problem still stares us in the face. Our society runs on sedentariness. 
Randomized controlled trials (RCTs) on PA and cognition have thus far been 
limited by small sample sizes. There are several multi-domain intervention studies, 
EXWZLWKFRQÀLFWLQJUHVXOWV$QGULHXHWDO0ROOYDQ&KDUDQWHHWDO
Ngandu et al., 2015, Lehtisalo et al., 2016, de Souto Barreto, Andrieu et al., 2018). 
The intervention with the most supervised support in various lifestyle changes did, 
KRZHYHUKDYHDQHɣHFWRQFRJQLWLRQ1JDQGXHWDOEXWWKHFRQWULEXWLRQ
of PA alone is unclear. 
The majority of prospective studies have started in older years of life or are of 
short duration considering the long preclinical period of dementia endangering 
them to misinterpretation because of reverse causation. The amyloid plaques and 
QHXUR¿EULOODU\WDQJOHVPLJKWDOUHDG\DɣHFWWKHDELOLW\WRH[HUFLVHDQGDQDVVRFLDWLRQ
between PA and declined dementia incidence could be due to preclinical dementia 
DɣHFWLQJ 3$ HQJDJHPHQW 7KH SUHFOLQLFDO SKDVH RI GHPHQWLD FDQ ODVW GHFDGHV
(Bateman et al., 2012, Fagan et al., 2014). The scarce evidence from robust 
prospective studies of midlife PA and late-life cognition tell a uniform story: PA 
VHHPVWREHEHQH¿FLDO WRFRJQLWLYHDJLQJ&KDQJ0HWDO(OZRRGHWDO
2013, Singh-Manoux et al., 2005, Virta et al., 2013a). The long-term follow-up 
VWXGLHVIURPPLGOLIH3$DQGGHPHQWLDDUHPRUHFRQWURYHUVLDODVLJQL¿FDQWLQYHUVH
DVVRFLDWLRQ$QGHOHWDO*HOEHUHWDO5RYLRHWDOQRVLJQL¿FDQW
DVVRFLDWLRQ0RUJDQHWDOVLJQL¿FDQWDVVRFLDWLRQRQO\LQPHQ7ROSSDQHQ
HWDOVLJQL¿FDQWDVVRFLDWLRQRQO\IRUPRGHUDWHDPRXQWVRI3$EXWQRWKLJK
amounts of PA (> 5 hours (h)) (Chang, M. et al., 2010). Earlier, the strong association 
between PA and mortality had not been refuted but was severely questioned in its 
strength in a compelling twin study controlling for genetic factors (Karvinen et al., 
2015). The possibility that an association between PA and cognition or dementia 
17
LQDQREVHUYDWLRQDOVWXG\LVDQLQWHUPHGLDWHHɣHFWRIERG\PDVVLQGH[%0,DOVR
has to be considered. Twin studies on PA and dementia have been scarce and no 
association between PA and cognition or dementia has been found in analyses 
comparing twins with their co-twins (Andel et al., 2008, Carlson et al., 2008, Virta 
et al., 2013a). Does PA protect from dementia and cognitive decline in the absence 
of confounding factors such as reverse causation and pleiotropic genetic factors? 
The aim of this study is to investigate the association of midlife PA with dementia 
mortality and cognition two decades later, and the association of objectively 
measured late-life PA and late-life cognition in the older Finnish Twin Cohort. 
The twin study design allows for co-twin comparisons and thus to take genetic 
factors and childhood shared environment into account. To my knowledge, this 
is the largest twin study assessing the association between PA and dementia or 
cognition to date. 
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2 REVIEW OF THE LITERATURE
2.1 COGNITION, DEMENTIA AND DEMENTIA MORTALITY
2.1.1 COGNITION AND MILD COGNITIVE IMPAIRMENT
Cognition means “the mental action or process of acquiring knowledge and 
understanding thought, experience, and the senses,” according to Oxford Dictionaries 
(Oxford University Press, 2018). Intelligence or general cognitive ability refers to the 
ability to understand, learn, and solve problems through cognitive processes rather 
than the actual process called cognition. Healthy cognition is typically perceived 
as a level of mental functioning that is typical for age. For children, the range 
of everyday functions that are expected vary rapidly during growth. For young 
and middle-aged adults, healthy cognition refers to a cognitive level with which 
RQHFDQSHUIRUPLQHYHU\GD\ OLIH LQGHSHQGHQWO\,QQXPEHUV WKLV LVGH¿QHGDV
an intelligence quotient (IQ) over 70 (Roivainen, 2015). In older adults, cognitive 
abilities start to deteriorate even in so-called healthy cognitive aging. The process of 
KHDOWK\FRJQLWLYHDJLQJLVEHVWGHVFULEHGEULHÀ\ZLWKWKHWHUPVÀXLGDQGFU\VWDOOL]HG
intelligence (Cattel, 1971, Horn, 1982). Crystallized intelligence means the ability to 
use learned skills, knowledge and experience, and this type of intelligence relies on 
long-term memory. Cognitive processes falling into this category are, for example, 
vocabulary and semantic memory. Fluid intelligence means the ability to reason, 
identify complex relationships, and solve new problems. Cognitive processes such as 
processing speed and working memory fall into this category. Over the life course, 
ÀXLGLQWHOOLJHQFHVKRZVGHFOLQHEXWFU\VWDOOL]HGFRJQLWLYHDELOLWLHVVWD\UDWKHUVWDEOH
The decline in cognitive abilities starts as early as age 45–49 (Singh-Manoux et al., 
2012), and its rate is strongly variable between individuals (Wilson, R.S. et al., 2002). 
7KLVFRJQLWLYHGHFOLQHLVUHÀHFWHGDQDWRPLFDOO\LQORVVRIFRUWLFDOJUD\PDWWHU)MHOO
et al., 2010) and in loss of white matter (Guttmann et al., 1998, Ge et al., 2002), 
even in healthy cognitive aging. The 5th Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5) divides cognitive abilities into the following six key categories: 
executive function, perceptual-motor function, language, learning and memory, 
social cognition and complex attention (Sachdev et al., 2014). These domains can 
be further divided into subdomains of cognition (Figure 1). 
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
Figure 1 Neurocognitive domains. Reprinted with permission from Springer Nature: Nature, Nature Reviews 
Neurology, Classifying neurocognitive disorders: the DSM-5 approach, Sachdev et al. 2014. Copyright Oct 
22, 2018.  
When the rate of cognitive decline exceeds the expected according to age and 
HGXFDWLRQDOEDFNJURXQGEXWGRHVQRWLQWHUIHUHVLJQL¿FDQWO\ZLWKDFWLYLWLHVRIGDLO\
OLIHWKHSHUVRQVXɣHUVIURPDFRQGLWLRQFDOOHGPLOGFRJQLWLYHLPSDLUPHQW0&,
(Gauthier et al., 2006). The majority of these cases progress to dementia within 
years. Two subtypes are recognized: amnestic and non-amnestic. In amnestic MCI, 
HSLVRGLFPHPRU\LVDɣHFWHGZKLOHLQQRQDPQHVWLF0&,FRJQLWLYHGRPDLQVRWKHU
than memory such as executive function, language, or visuospatial abilities are 
DɣHFWHG3HWHUVHQHWDO
2.1.2 DEMENTIA
0&,DɣHFWVFRJQLWLYHDELOLWLHVZLWKRXWLQWHUIHULQJZLWKIXQFWLRQDODELOLWLHVDFWLYLWLHV
of daily living like dressing, eating, walking). When the deterioration of cognitive 
DELOLWLHV LV VR VHYHUH WKDW IXQFWLRQDO DELOLWLHV DUHDOVRDɣHFWHG WKH FRQGLWLRQ LV
FDOOHGGHPHQWLD7KHRɤFLDOGH¿QLWLRQIURPWKH$PHULFDQ3V\FKLDWULF$VVRFLDWLRQ
describes dementia as a syndrome in which memory (ability to learn and retrieve 
old stored information) and at least one other domain of cognition (language, 
motor function, perception, executive function) are disturbed so severely that the 
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SHUVRQKDVGLɤFXOWLHVLQFRSLQJLQGHSHQGHQWO\LQHYHU\GD\OLIHZRUNDQGVRFLDO
relationships (American Psychiatric Association, 2000). 
0DQ\GLɣHUHQWGLVHDVHVFDQFDXVHGHPHQWLD WKHPRVWFRPPRQRIZKLFK LV
Alzheimer’s disease (AD), accounting for about 50–70% of dementia cases in both 
developed and developing countries (Qiu et al., 2007). The second most common 
cause of dementia is vascular dementia (VaD), accounting for approximately 15–25% 
of dementia (Qiu et al., 2007). The next two most common neurodegenerative 
diseases causing dementia are Lewy Body Dementia and frontotemporal dementia, 
causing respectively about 10–15% (McKeith et al., 1996) and 10% (Hogan et al., 
2016) of dementia cases. Other rare causes of dementia are Creutzfeldt–Jakob 
GLVHDVH+XPDQ,PPXQRGH¿FLHQF\9LUXVDQGDOFRKRO1HXURSDWKRORJ\VWXGLHV
KRZHYHUWHOODGLɣHUHQWVWRU\UDWKHUWKDQDWWULEXWLQJFRJQLWLYHGHFOLQHDQGGHPHQWLD
to only one clear causative disease, autopsies often show a complex constellation 
RIXQGHUO\LQJSDWKRORJLHVWKHQXPEHURIGLɣHUHQWSDWKRORJLHVLQFUHDVLQJZLWKDJH
(Rahimi et al., 2014). 
The global prevalence of dementia in 2010 was estimated to be 35.6 million 
globally (Prince, M. et al., 2013). According to the most recent estimates, dementia 
SUHYDOHQFHFRXOGEHH[SHFWHGWRGRXEOHHYHU\\HDUVUHVXOWLQJLQDSURMHFWHG¿JXUH
of 115.4 million dementia cases worldwide in 2050 (Prince, M. et al., 2013). These 
predictions, however, have been questioned (Norton et al., 2013). Many studies 
KDYHVXSSRUWHGHYLGHQFHIRUVWDEOHRUGHFOLQLQJDJHVSHFL¿FGHPHQWLDSUHYDOHQFH
(Lobo et al., 2007, Manton et al., 2005, Schrijvers et al., 2012, Rocca et al., 2011, 
6KHɤHOGHWDO0DWWKHZVHWDO&KULVWHQVHQHWDO7KHVSHFXODWHG
UHDVRQVIRUGHFOLQLQJDJHVSHFL¿FGHPHQWLDLQFLGHQFHDUHWKHKLJKHUHGXFDWLRQDO
level and more aggressive treatment of hypercholesterolemia and hypertension 
(Langa, 2015). Contradictions in this area of research still, nevertheless, prevail, 
while some hypothesize that the driving force of dementia burden derives especially 
from developing countries, which are inundated with growing vascular disease 
epidemic (Prince, M. et al., 2016, Gaziano et al., 2010). Due to the population 
ageing the burden of dementia is, however, going to be substantial regardless of 
WKHDJHVSHFL¿FGHPHQWLDLQFLGHQFH
In Europe alone, the cost of dementia was estimated to be approximately 105.2 
billion euros in 2010 (Gustavsson et al., 2011). The worldwide cost is estimated 
around 742 billion euros (Wimo et al., 2017). While 58% of persons with dementia 
are living in low- and middle-income countries, the vast majority (86%) of the costs 
are from high-income countries (Wimo et al., 2017).
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2.1.2.1 Alzheimer’s disease
7KHW\SLFDOIRUPRI$'LVFKDUDFWHUL]HG¿UVWE\GH¿FLWVLQHSLVRGLFPHPRU\DQG
GLɤFXOWLHV LQ OHDUQLQJQHZWKLQJV3UREOHPVROYLQJH[HFXWLYHIXQFWLRQDQGWKH
ability to concentrate deteriorate in mild AD. When the disease progresses, the 
GLɤFXOWLHVEHFRPHPRUHZLGHVSUHDG(UNLQMXQWWLHWDO7KHSDWLHQWFDQ
VXɣHUIURPGLɤFXOWLHV LQ ODQJXDJHDQGSHUFHSWLRQGLVRULHQWDWLRQ LPSDLUHGJDLW
DQGFRQVLGHUDEOHGLɤFXOWLHV LQHSLVRGLFPHPRU\ 5HPHVHWDO8VXDOO\
when the disease has progressed to the moderate phase, illness perception weakens 
(Remes et al., 2015). In severe AD, the symptoms are severe: executive functions 
are compromised, communication is challenged, perception and practical skills are 
severely deteriorated (Erkinjuntti et al., 2007). The patient needs a lot of help in 
every day functions. In atypical forms of AD, the problems with language, visual 
perception, executive function and practical skills manifest before and are typically 
PRUHSURQRXQFHGWKDQPHPRU\GH¿FLWV7KLVLVRIWHQWKHFDVHLQIDPLOLDOHDUO\RQVHW
dementia (Scheltens et al., 2016).
7KHQHXURSDWKRORJLFDOKDOOPDUNVRI$'DUHDP\ORLGSODTXHVDQGQHXUR¿EULOODU\
WDQJOHV$P\ORLGSODTXHVDUHDJJUHJDWHGDP\ORLGǃ$ǃVLWXDWHGH[WUDFHOOXODUO\LQ
WKHEUDLQ$ǃLVDSHSWLGHSURGXFHGLQWKHVHTXHQWLDOFOHDYDJHRIDP\ORLGSUHFXUVRU
protein (APP). APP is a type I transmembrane protein (Huang, H.C. et al., 2011) 
whose exact function has remained partly unknown but the protein plays a role in 
neural stem cell development, neuronal survival, neurite outgrowth and neurorepair 
'DZNLQVHWDO$33LVFOHDYHGYLDWZRGLɣHUHQWSDWKZD\VDQGRQO\RQH
SDWKZD\SURGXFHV$ǃ)RUWXQDWHO\ WKH³QRQDP\ORLGRJHQLFSDWKZD\´/XHWDO
1KDQHWDO4XHUIXUWKHWDOQRWSURGXFLQJ$ǃLVSUHGRPLQDQW
=KDQJHWDO$QLPEDODQFHEHWZHHQWKHSURGXFWLRQDQGFOHDUDQFHRI$ǃLV
considered the culprit in AD pathology. It has been suggested that in familial AD 
WKHFDXVHRIWKHLPEDODQFHLVRYHUSURGXFWLRQRI$ǃDQGWKDWLQVSRUDGLF$'WKH
SUREOHPOLHVPRUHLQGHIHFWLYHFOHDUDQFHRI$ǃ%OHQQRZHWDO$ǃFDQEH
cleared through the blood–brain barrier into the circulation (Shibata et al., 2000), 
through degradation by proteases and vascular smooth muscle cells, or through 
JO\PSKDWLFFOHDUDQFH%RHVSÀXJHWDO
7KHRULJLQDO³DP\ORLGFDVFDGHK\SRWKHVLV´SURSRVHVWKDWDEQRUPDO$ǃDJJUHJDWLRQ
initiates the cascade of pathological changes in AD leading to neurodegeneration 
and cognitive impairment (Hardy et al., 1992). Since the 1990s, the amyloid 
cascade hypothesis has evolved. The passive accumulation of amyloid plaques 
LVQRWFRQVLGHUHGWKHPRVWGHWULPHQWDOSDWKRORJLFDOSURFHVVLQ$'DQ\PRUH$ǃ
peptides can aggregate to form soluble oligomers. It has been argued that it is 
WKHWR[LFVROXEOH$ǃGHULYHGROLJRPHUVWKDWFDXVHV\QDSWLFORVVWKHPRVWUREXVW
FRUUHODWHRI$'UHODWHGFRJQLWLYHGH¿FLWVE\DOWHULQJWKHVSLQHGHQVLW\PRUSKRORJ\
and composition in dendrites (Lacor et al., 2007, Shankar et al., 2008).
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Tau protein is an axonal protein that binds to microtubules, promoting their 
assembly and stability (Blennow et al., 2006). Its aggregation leads to formation 
RIQHXUR¿EULOODU\WDQJOHV$ORQVRHWDODQRWKHUKDOOPDUNRI$'7KHOLQN
between these two hallmarks of AD, however, is still elusive (Small et al., 2008) and 
WKHH[DFWWULJJHURIWKHGLVHDVHSURFHVVUHPDLQVDP\VWHU\1HXURLQÀDPPDWLRQKDV
been recognized to interact widely in the disease progression (Heneka et al., 2015), 
but its role is unknown; a trigger, a pathway, or a reinforcement, we do not know. 
7KHPHODQJHRIDP\ORLGSODTXHV$ǃGHULYHGROLJRPHUVQHXUR¿EULOODU\WDQJOHVDQG
QHXURLQÀDPPDWLRQVXEVHTXHQWO\OHDGVWRQHXURQDOGHJHQHUDWLRQEUDLQDWURSK\
and changes in the neurotransmitter system. The brain atrophy in AD starts and is 
strongest in the hippocampus and in the medial lobes of the brain. It is proposed 
that the time period from the beginning of the accumulation of neuropathological 
changes to the onset of clinical symptoms spans from 10 to 30 years (Bateman et 
al., 2012, Fagan et al., 2014, Jansen et al., 2015, Villemagne et al., 2013). 
2.1.2.2 Vascular dementia 
VaD is a vast and heterogenous entity regarding both etiology and symptoms. 
However, the common denominator for the etiology is the vascular origin of the 
symptoms or the absence or scarcity of AD or Parkinson’s disease pathology. If 
both vascular pathology and AD pathology co-exist, the disease in question is called 
PL[HGGHPHQWLD$VIRUWKHV\PSWRPVWKHPRVWVWULNLQJGLɣHUHQFHWR$'LVWKDWWKH
IXQFWLRQLPSDLUHG¿UVWDQGPRUHVHYHUHO\LVRWKHUWKDQPHPRU\GH¿FLWV.KDQHW
DO7\SLFDOO\GH¿FLWVLQH[HFXWLYHIXQFWLRQSUHYDLOW\SLFDOO\DFFRPSDQLHGE\
motor impairments (O’Brien et al., 2003). Due to the very heterogenous etiologies 
RI9D'WKHUHLVKRZHYHUDSOHWKRUDRIGLɣHUHQWFOLQLFDOSUHVHQWDWLRQV2QHQRWDEOH
distinction to AD is that mood symptoms are more prevalent (Khan et al., 2016). 
Mood symptoms comprise anxiety, depression, and emotional lability. Avolition 
and apathy are typical, particularly in subcortical ischemic vascular disease (Khan 
et al., 2016). 
,QVKRUWWKHIROORZLQJGLɣHUHQWHWLRORJLHVDQGW\SHVLQ9D'KDYHEHHQUHFRJQL]HG
multi-infarct dementia, subcortical ischemic vascular dementia (SIVD), strategic-
infarct dementia, hypoperfusion dementia, hemorrhagic dementia, and dementia 
FDXVHGE\VSHFL¿FDUWHULRSDWKLHVVHH)LJXUHIRUVXPPDU\RIWKHSDWKRSK\VLRORJLFDO
mechanisms in VaD) (O’Brien et al., 2003). Multi-infarct dementia is the form 
RIYDVFXODURULJLQWKDWZDV¿UVWGLVFRYHUHG,WPDQLIHVWVZLWKVXGGHQSURPLQHQW
symptoms affecting especially executive functions and motor function. Its 
progression is stepwise and related to large-vessel occlusions. The form of VaD 
that was discovered only later is SIVD. This disease is of small-vessel origin and the 
pathological hallmarks are lacunar infarcts and white-matter lesions (O’Brien et al., 
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6PDOOYHVVHOGLVHDVHDɣHFWVGHHSSDUWVRIWKHEUDLQLQFRQWUDVWWRWKHPXOWL
LQIDUFWGHPHQWLDDɣHFWLQJHVSHFLDOO\FRUWLFDOUHJLRQV/DFXQDULQIDUFWVDUHFDXVHGE\
atherosclerosis or by lipohyalinosis (Norrving, 2003), a form of segmental arterial 
disorganization in which the arterial wall is thickened with focal dilation, eventually 
leading to disintegration of the wall. This causes a small infarct around the site. The 
SURFHVVLVWKRXJKWWREHLQÀLFWHGE\WKHSRXQGLQJSXOVHIURPK\SHUWHQVLRQ6PDOO
arteries in the brain are vulnerable because they do not grow smaller gradually, 
LQVWHDGWKH\EUDQFKVWUDLJKWRɣ ODUJHYHVVHOV WKDWKDYHWKLFNPXVFXODUZDOOV WR
protect against hypertension (Norrving, 2003). White-matter lesions are areas of 
high signal intensity on T2-weighted MRI that have been connected with a higher 
risk of dementia and stroke (Debette et al., 2010) and thought to be indicative 
of small-vessel disease (Schmidt et al., 2011). However, their exact formation 
mechanism is not clear, but most likely has to do with small-vessel permeability 
changes, disruption of the blood–brain barrier, secondary demyelination, and 
hypoperfusion (Fazekas et al., 2013). 
6WUDWHJLF LQIDUFWVRFFXUZKHQDVPDOO LQIDUFWDɣHFWVDVWUDWHJLFUHJLRQLQWKH
EUDLQOLNHWKHKLSSRFDPSXVRUDODUJHLQIDUFWDɣHFWVVXEFRUWLFDOUHJLRQVOLNHWKH
brainstem or thalamus) (Khan et al., 2016). Hypoperfusion dementia is associated 
with local or global hypoperfusion typically associated with vascular risk factors 
(O’Brien et al., 2003). In hemorrhagic dementia, the damage has been brought 
on by cerebral hemorrhage. Also, hereditary arteriopathies causing dementia 
exist: cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy (CADASIL) and familial cerebral amyloid angiopathy (FCAA). 
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Figure 2 Summary of the pathophysiological mechanisms in VaD. Reprinted from The Lancet Neurology, 
Vol. 2, O’Brien JT, Erkinjuntti T, Reisberg B, Roman G, Sawada T, Pantoni L, Bowler JV, Ballard C, DeCarli 
C, Gorelick PB, Rockwood K, Burns A, Gauthier S, DeKosky ST, Vascular cognitive impairment, Pages 89-
98. Copyright (2003), with permission from Elsevier (O’Brien et al., 2003). MID=multi-infarct dementia, 
SIVD=subcortical ischemic vascular dementia. 
2.1.2.3 Lewy Body Dementia 
Lewy Body Dementia encompasses Parkinson’s disease dementia and Dementia 
with Lewy bodies (Hanson et al., 2009). Parkinson’s disease is a neurodegenerative 
GLVHDVH LQ ZKLFK /HZ\ ERGLHV LH ĮV\QXFOHLQSRVLWLYH QHXURQDO LQFOXVLRQV
accumulate in the substantia nigra and basal ganglia, causing neuronal damage 
leading to rigidity of the muscles, rest tremor and bradykinesia. In advanced 
3DUNLQVRQ¶VGLVHDVHFRJQLWLYHDELOLWLHVFDQDOVREHVHYHUHO\DɣHFWHG'HPHQWLDZLWK
Lewy bodies is a syndrome characterized by sleep problems, visual hallucinations, 
FRJQLWLYHGHFOLQHDQGÀXFWXDWLQJFRQIXVLRQ7KHQHXURSDWKRORJLFDOGLDJQRVLVRI
Dementia with Lewy bodies is based on the accumulation of Lewy bodies throughout 
the cerebral cortex. However, more than half of Dementia with Lewy Body cases 
have also AD pathology in their brain and it has been suggested that AD, Dementia 
ZLWK/HZ\ERGLHVDQG3DUNLQVRQ¶VGLVHDVHUHSUHVHQWGLɣHUHQWDVSHFWVRIWKHVDPH
disease continuum (Meeus et al., 2012). It must be noted that in Finnish terminology, 
Lewy Body Dementia denotes solely Dementia with Lewy Bodies while Parkinson’s 
disease is conceptually a separate entity.
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2.1.2.4 Frontotemporal dementia
Frontotemporal dementia is a cluster of neurodegenerative disorders that are 
characterized clinically by progressive changes in behavior, personality, and/or 
language (Neary et al., 1998) and anatomically by atrophy of the frontal and temporal 
lobes. Onset is typically before the age of 65 (Kirshner, 2014). The neuropathological 
basis lies in the abnormal intracellular accumulation of a protein. The most common 
proteins to be accumulated are hyperphosphorylated tau, transactive DNA-binding 
SURWHLQRIN'NLORGDOWRQVZLWKVHYHUDODEQRUPDOPRGL¿FDWLRQVDQGPHPEHUVLQ
the FET (Fused in liposarcoma, Ewing sarcoma, TATA-binding protein-associated 
factor 15) protein family. 
2.1.2.5 Genetic risk factors for dementia 
Heritability refers to the proportion of variance in a phenotypic trait that can be 
FRQWULEXWHGWRJHQHWLF LQÀXHQFHVDW WKHSRSXODWLRQ OHYHO ,W LVQRWVWDEOHDFURVV
JHQHUDWLRQV DQG GLɣHUHQW SRSXODWLRQV IURP GLɣHUHQW FXOWXUHV ,Q DGGLWLRQ WR
anatomic traits such as hair color or height also skills and preferences in lifestyles 
are heritable (Kaprio et al., 1987, Laitala et al., 2008). Because heritability is a 
PHDVXUHRIYDULDQFHFRQWULEXWHGWRJHQHWLF LQÀXHQFHVRQDSRSXODWLRQOHYHO WKH
HɣHFWRIJHQHVLQDVLQJOHLQGLYLGXDOFDQQRWEHGHWHUPLQHGRQWKHEDVLVRIKHULWDELOLW\
The overall heritability of any dementia was estimated to be 43% in a Swedish 
WZLQVWXG\*DW]HWDO7KHKHULWDELOLWLHVIRUGLɣHUHQWFDXVHVRIGHPHQWLD
have been estimated to be approximately the following: 33% for AD, < 1% for VaD, 
50% for frontotemporal dementia and 40% for Lewy Body Dementia (Ferencz et al., 
2015). Additionally, twin studies have also shown a remarkably large heritability for 
general cognitive ability, with genes accounting for 50% of the variance in general 
cognitive abilities across 11,000 twin pairs (Haworth et al., 2009). Genome-wide 
association (GWA) studies have even been able to identify genetic variants that 
account for 20% of the 50% heritability of general cognitive ability (Plomin et al., 
2018). 
$'FDQEHGLYLGHGLQWRWZRGLɣHUHQWW\SHVHDUO\RQVHWGHPHQWLDDQGODWHRQVHW
GHPHQWLD7KHGLDJQRVWLFFXWRɣYDOXHLV\HDUV(DUO\RQVHWGHPHQWLDLVW\SLFDOO\
familial caused by gene mutations in APP, PSEN1, or PSEN2, although sporadic 
forms also occur. APP, PSEN1, and PSEN2 gene mutations are rare, autosomal, 
and dominant with nearly 100% penetrance (Rocchi et al., 2003). They are all 
SDUWRIWKHSURGXFWLRQRI$ǃ$33EHLQJWKHSUHFXUVRUSURWHLQIURPZKLFK$ǃLV
cleaved from and PSEN1 and PSEN2 being subunits of the cleavage enzyme. The 
vast majority, approximately 95%, of AD is caused by the late-onset AD type (Rocchi 
et al., 2003), which is typically sporadic although genetic susceptibility to late-onset 
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AD exists. Genetic susceptibility for late-onset AD is conferred by numerous quite 
common genetic risk factors with low penetrance and by one moderately penetrant 
JHQH$32(İ7KHRYHUDOOKHULWDELOLW\LQODWHRQVHW$'LVHVWLPDWHGWREHDURXQG
58–79% based on a Swedish twin study (Gatz et al., 2006). In Finnish twins, 
the pairwise concordance for AD in MZ twins was 18.6% and in DZ twins 4.7% 
(Räihä et al., 1996), also indicating a genetic component. The APOE gene codes for 
apolipoprotein E, which mediates cholesterol metabolism (Mahley, 1988) and has 
many other functions as well (Yu, J.T. et al., 2014). The low penetrance risk genes 
linked to an increased risk of AD through GWA studies are implicated in immune 
response, endocytosis, synaptic function, and cholesterol metabolism (Karch et 
al., 2015). The single nucleotide polymorphisms found in GWA studies explain 
approximately 10% of the heritability of AD (Brainstorm Consortium et al., 2018). 
As mentioned above, the heritability of VaD is estimated to be <1% (Ferencz 
et al., 2015). However, there are two highly heritable forms of VaD: CADASIL and 
FCAA. Notwithstanding these rare forms of VaD, the heritability for VaD seems 
to be very low. Only one twin study has attempted to elucidate the heritability of 
9D'%HUJHPHWDO7KH\IRXQGQRVLJQL¿FDQWJHQHWLFFRPSRQHQW/DWHU
UHVHDUFKHUVLGHQWL¿HGVRPHFDQGLGDWHJHQHVIRU9D'EXWWKHVH¿QGLQJVKDYHQRW
been replicated (Ferencz et al., 2015). The heterogeneity of the etiology of VaD 
FRPSOLFDWHVWKLV¿HOGRIUHVHDUFK
Despite the heterogeneous nature of frontotemporal dementia, this disorder 
cluster has been found to be highly heritable (Po et al., 2014). Heritability does 
YDU\ZLWKLQIURQWRWHPSRUDOGHPHQWLDEHWZHHQWKHGLɣHUHQWV\QGURPHV5RKUHUHW
al., 2009), and the forms of frontotemporal dementia called the behavioral variant 
frontotemporal dementia and frontotemporal dementia with amyotrophic lateral 
sclerosis are suggested to drive this high heritability (Po et al., 2014). 
'LɣHUHQWDSSURDFKHV WRTXDQWLI\LQJ WKHKHULWDELOLW\RI'HPHQWLDZLWK/HZ\
ERGLHVKDYH\LHOGHGGLɣHUHQWUHVXOWV7KHWZLQVWXG\DSSURDFKKDVQRWVXSSRUWHG
a genetic etiology for Dementia with Lewy bodies (Wang, C.S. et al., 2009), but 
Dementia with Lewy bodies does aggregate in families (Nervi et al., 2011) and GWA 
studies suggest a heritability of 36% (Guerreiro et al., 2018). 
2.1.2.6 Environmental risk factors for dementia
Environmental factors are major contributors in the development of dementia, 
DOWKRXJKWKHLQÀXHQFHRIJHQHWLFIDFWRUVLVDOVRVXEVWDQWLDO)RUH[DPSOHDFFRUGLQJ
to a recent estimate, about one-third of dementia cases due to AD, the most common 
FDXVHRIGHPHQWLDFDQEHDWWULEXWHGWRVHYHQPRGL¿DEOHULVNIDFWRUVDQGE\UHGXFLQJ
each risk factor by 10%, the prevalence of AD could be reduced by 8% worldwide 
(Norton et al., 2014). These seven risk factors are diabetes, midlife hypertension, 
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midlife obesity, physical inactivity, depression, smoking, and low educational 
attainment (Norton et al., 2014). It must be noted, however, that studying causal 
connections for dementia is challenging because of the decades-long development 
process of dementia. RCTs are essentially impossible to perform and cohort studies 
are liable for confounding. The evidence presented in this chapter is mainly based 
on cohort studies.    
Diabetes has been linked to increased incidence of dementia in many longitudinal 
studies (Cheng et al., 2012) and through several pathways: the vascular pathway, 
glucose toxicity, and insulin resistance. Diabetes increases strokes in the brain and 
causes microvascular damage (Biessels et al., 2006). High glucose levels induce 
abnormal protein glycation and oxidative stress, damaging the normal functions of 
a brain cell (Biessels et al., 2006). High insulin levels are linked to higher rates of 
ǃDP\ORLGSHSWLGH$ǃVHFUHWLRQDQGUHGXFHG$ǃFOHDUDQFH%LHVVHOVHWDO
7KHPRVWVLJQL¿FDQWQHJDWLYHLPSDFWVHHPVWREHWKHLQFUHDVHRIFHUHEURYDVFXODU
pathology (Vagelatos et al., 2013, Ahtiluoto et al., 2010). Common genetic etiology in 
type 2 diabetes and AD has also been recognized in GWA studies (Hao et al., 2015). 
The relationship of blood pressure and dementia has been found to be age-
dependent. In middle age, hypertension is associated with an increased risk of 
dementia, while in the elderly very high blood pressures (e.g., systolic blood pressure 
> 180 mmHg) and low diastolic blood pressure are especially detrimental (Qiu et al., 
2005). Whether the association of blood pressure and dementia is causal is unclear. 
%ORRGSUHVVXUHDQGGHPHQWLDPD\DOVRERWKEHDɣHFWHGE\DFRPPRQGHQRPLQDWRU
like a genetic factor, education, or other lifestyle component (Qiu et al., 2005).
The relationship of body weight and dementia is not linear either. Both midlife 
underweight and midlife overweight or obesity have been associated with an 
increased risk for dementia (Anstey et al., 2011, Singh-Manoux et al., 2018), but 
in later life, it is weight loss that precedes dementia (Barrett-Connor et al., 1996, 
Singh-Manoux et al., 2018, Kivimäki et al., 2018). However, in a Finnish twin study, 
the correlation between midlife BMI and old age cognition was mostly explained 
by genetics (Laitala et al., 2011). On the other hand, an animal study has linked 
REHVLW\WRWKHGLVUXSWLRQRIEORRG±EUDLQEDUULHUQHXURLQÀDPPDWLRQDQGR[LGDWLYH
stress (Tucsek et al., 2014). 
The cognitive reserve hypothesis states that individuals with better cognitive 
reserve can tolerate more neuropathological changes without developing symptoms 
of a memory disorder compared to those without cognitive reserve (Meng et al., 
2012, Stern et al., 2018). In practice, a person’s educational and occupational 
DWWDLQPHQWDUH WKRXJKW WRUHÀHFW WKHLUFRJQLWLYHUHVHUYH&RJQLWLYHUHVHUYH LVD
particularly weighty factor in dementia prevention as the summary odds ratio 
(OR) against dementia in a comprehensive meta-analysis was as low as 0.54 with 
QDUURZFRQ¿GHQFHLQWHUYDOV&,&,±9DOHQ]XHODHWDO
In addition, a simple risk score based on self-report of midlife educational and 
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occupational attainment has been found to predict dementia risk well even 20–40 
years later (Vuoksimaa et al., 2016). How does this mystery tool against deteriorating 
brain function work? The current conception is that the resilience of the brain is 
explained both quantitatively, that is in the sheer brain volume or in the amount 
of synapses or neurons in the brain, and qualitatively (Stern, 2012, Stern et al., 
2018). A brain with high cognitive reserve is thought to use pre-existing networks 
LQDPRUHHɤFLHQWZD\LQWKHIDFHRISDWKRORJ\DQGDOVRWRUHFUXLWFRPSHQVDWRU\
QHWZRUNVPRUHHɤFLHQWO\6WHUQ6WHUQHWDO7KHEUDLQLVWKXVPRUH
resilient and plastic to cope with problems. 
According to meta-analyses, a history of depression may increase the risk of AD 
and late-life depression is associated with an increased risk for all-cause dementia 
(Ownby et al., 2006, Diniz et al., 2013). Multiple mechanisms have been speculated, 
including shared vascular risk factors, possible genetic links, and low-grade 
LQÀDPPDWLRQ2ZQE\HWDO,QWHUHVWLQJO\UHFHQWUHVHDUFKKDVVXJJHVWHGORZ
brain-derived neurotrophic factor (BDNF) levels to be a common denominator in 
depression and dementia (Weinstein et al., 2014). Late-life depression can, however, 
also be a symptom of preclinical dementia just like reduced late-life physical activity 
can be a sign of early dementia instead of being a risk factor, as I discuss later in 
this literature review.  
Many other conditions and lifestyle factors have also been considered. Heavy 
smoking and head injuries have been considered risk factors for dementia 
according to recent meta-analyses (Perry et al., 2016, Xu et al., 2015). Midlife 
hypercholesterolemia is possibly and probably involved in the development of 
dementia and AD according to current evidence (Kivipelto et al., 2006, Power et 
al., 2018). In late life, however, a pattern of serum cholesterol lowering is recognized 
before the diagnosis of dementia (Kivipelto et al., 2006, Anstey et al., 2008). The 
nature of the relationship between hypercholesterolemia and dementia is also 
XQFOHDU$32(İVWDWXVRURWKHUJHQHWLFIDFWRUVPD\DɣHFWERWK3K\VLFDODFWLYLW\
and inactivity are discussed later in this literature review. Both heavy users of alcohol 
and abstainers from alcohol are probably at greater risk for dementia (Sabia et 
al., 2018, Virta et al., 2010). Feelings of loneliness (Holwerda et al., 2014), midlife 
stress (Andel et al., 2012, Crowe et al., 2007, Johansson et al., 2010, Sindi et al., 
2017, Wang, H.X. et al., 2012), and both short and extended sleep (Bokenberger 
et al., 2017, Virta et al., 2013b, Wennberg et al., 2017) have been associated with 
LQFUHDVHGULVNRIGHPHQWLD$PRQJQRQPRGL¿DEOHULVNIDFWRUVDJH LV WKHPRVW
VLJQL¿FDQWULVNIDFWRUIRUGHPHQWLD$VXPPDU\RIWKHULVNIDFWRUVRIGHPHQWLDLV
presented in Figure 3. 
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2.1.2.7 Diagnosis and treatment of dementia
7KHGH¿QLWHGLDJQRVHVRIGHPHQWLDVDUHEDVHGRQQHXURSDWKRORJLFDOH[DPLQDWLRQ
post mortem. Clinical diagnosis of dementia can, at best, be probable, but with new 
SRVLWURQHPLVVLRQWRPRJUDSK\3(7DQGFHUHEURVSLQDOÀXLG&6)PDUNHUVWKH
GLDJQRVLVRI$'LVPRUHVSHFL¿F
For the diagnosis, several steps have to be taken. A doctor’s face-to-face clinical 
evaluation is needed (Scheltens et al., 2016). The symptoms and a detailed history are 
taken both from the patient and from a person near to the patient like a close relative 
(Rinne et al., 2010). Extensive neuropsychological evaluation and assessment of 
activities in daily living have to be done. Blood tests are used to exclude other 
causes of dementia or to identify co-morbidity or risk factors. Imaging is a crucial 
part of the clinical evaluation. Magnetic resonance imaging (MRI) is the gold 
standard. Computer tomography (CT) is used if MRI is not applicable. In MRI, 
tumours, hydrocephalus, and subdural hematoma are ruled out and the distribution 
of brain atrophy is evaluated. As mentioned above, CSF markers, 2-deoxy-2-(18 
)ÀXRUR'JOXFRVH)'*3(7&7RU3(7&7ZLWKDQDP\ORLG OLJDQGFDQEH
used for further precision in the diagnosis. In FDG PET/CT, AD is characterized 
by diminished glucose metabolism in parieto-temporal areas and in the posterior 
cingulate cortex, while in frontotemporal dementia diminished glucose metabolism 
is most pronounced in the temporal and frontal lobes. The novel PET tracers enable 
WKHLPDJLQJRIDP\ORLGSODTXHVLQYLYR,Q&6)PDUNHUVGHFUHDVHG$ǃ42, elevated 
total-tau, and phosphorylated tau refer to AD (Olsson et al., 2016). Tau imaging 
with PET has also become possible in recent years, but in vivo studies with the 
PRUHVSHFL¿FVHFRQGJHQHUDWLRQWDXOLJDQGVDUHVWLOOVFDUFH/HX]\HWDO
No cure for any of the neurodegenerative disorders exists. The treatment of 
GHPHQWLDFRQVLVWVQHYHUWKHOHVVRIPDQ\GLɣHUHQWPRGDOLWLHV7KHPRVWLPSRUWDQW
part of the treatment is supportive care for the patient and his or her family 
(Erkinjuntti et al., 2007), including arrangements like home care or housing, a 
guardian of interests, a living will, management of concomitant medical conditions 
or polypharmacy aggravating the situation, and driving license revocation. Social 
visits and interaction are very important for the patient. Cognitive training may be 
EHQH¿FLDODWHDUO\VWDJHVRI$'<X)HWDODQGH[HUFLVHKDVDOVRSURYHQWR
KDYHDSRVLWLYHHɣHFWRQFRJQLWLRQLQSDWLHQWVZLWK0&,Öhman et al., 2014) and 
perhaps even in patients with a full-blown dementia (Groot et al., 2016). 
Symptomatic medications exist for AD. Cholinesterase inhibitors (donepezil, 
rivastigmin, galantamine) and memantine improve cognition and stabilize function 
for a period of time (Birks et al., 2006, Birks et al., 2009, Loy et al., 2006, McShane 
et al., 2006). Some cholinesterase inhibitors may also improve cognition in VaD, 
Parkinson’s disease dementia, and Dementia with Lewy bodies, but the level 
of evidence is more scarce (Suomalaisen lääkäriseuran Duodecimin, Societas 
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Gerontologica Fennican, Suomen Geriatrit -yhdistyksen, Suomen Neurologisen 
Yhdistyksen, Suomen Psykogeriatrisen Yhdistyksen ja Suomen Yleislääketieteen 
yhdistyksen asettama työryhmä., 2017). For frontotemporal dementia, no 
symptomatic medication exists. 
For AD, many disease-modifying treatments have been investigated. 
,PPXQRWKHUDS\ WDUJHWLQJ $ǃ %DOODUG HW DO  LQÀXHQFLQJ WKH FOHDYDJH
enzymes of APP (Ballard et al., 2011), anti-aggregation drugs (Kumar et al., 2015), 
and therapies targeting tau phosphorylation (Kumar et al., 2015) have all failed 
thus far. A promising branch of disease-modifying medication research is stem cell 
research, but success in human trials is still awaited (Duncan et al., 2017).
2.1.3 MEASURING COGNITION, DEMENTIA AND DEMENTIA MORTALITY
When studying the incidence of cognitive decline irrespective of the severity, be 
LWGHPHQWLDDOVRDɣHFWLQJIXQFWLRQDODELOLWLHVRUQRW WKHUHVHDUFKHUDLPVWR¿QG
DOOSRVVLEOHFDVHVRIFRJQLWLYHGHFOLQH+RZHYHU WKH¿QDQFLDOUHVRXUFHVPD\VHW
restrictions. Basically, the researcher can measure cognition with a measuring 
instrument, study hospital discharge registers and Drug Reimbursement Registers 
RUUHVRUWWRWKH&DXVHRI'HDWK5HJLVWHUV)LJXUHLOOXVWUDWHVKRZHɤFLHQWWKHVH
three methods generally are in studying cognitive decline. Depending on the 
instrument, measuring cognition is most likely to detect cognitive decline best 
and to cover the full range of it: from MCI to severe dementia. When resorting 
to dementia diagnoses from registers (e.g., hospital discharge registers and Drug 
5HLPEXUVHPHQW5HJLVWHUVWKHUHVHDUFKHULVPRVWOLNHO\WR¿QGFRJQLWLYHGHFOLQH
at the level of dementia. However, with this measure, the researcher is likely to 
miss MCI and some patients with dementia who have been able to stay at home 
with their dementia or dementia that was not been recorded for some reason in 
the hospital discharge diagnoses. It must be noted that there is no medication for 
frontotemporal dementia, thus, this cause of dementia is likely to be missed in Drug 
Reimbursement Registers. The tip of the iceberg, detecting only the most severe 
dementia cases, is measuring dementia mortality. 
One can measure cognition in face-to-face interviews, with instrumented or 
computer-based administration methods, or via telephone interview. The best 
measure of cognition depends on the age and educational background of the 
participant or cohort in question. The Mini-Mental State Examination (MMSE) 
(Folstein et al., 1983), CERAD (The Consortium to Establish a Registry for 
Alzheimer’s Disease) (Chandler et al., 2005), and 7 Minute Screen (Solomon, P.R. 
et al., 1998) are cognitive tests meant to be used to screen dementia in older adults. 
7KH\DOO WHVWVHYHUDOGLɣHUHQWGRPDLQVRIFRJQLWLRQDQG&(5$'LVWKHEURDGHVW
but also the most time-consuming. The MMSE is the most commonly used and 
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it tests for orientation, registration, attention, calculation, and recall. These are 
administered in face-to-face interviews with paper and pen. It must be taken into 
account that fatigue, acute illnesses, medication use (benzodiazepines, psychotics), 
DQGGLVWUDFWLRQVPD\DɣHFWWKHHYDOXDWLRQ2QHRIWKHOLPLWDWLRQVRI006(LVWKDW
LWSRRUO\LGHQWL¿HVFRJQLWLYHGHFOLQHLQKLJKO\HGXFDWHGLQGLYLGXDOV
Cognitive tests applied via telephone have also been developed. In research, 
they enable the overcoming of obstacles such as geographical distances and might 
even improve follow-up rates and prevent sample attrition because of its easiness 
to participate (Kliegel et al., 2007). Telephone-administered cognition screening 
tools are not to be used in diagnosing dementia, but can be useful as screening 
instruments (Järvenpää et al., 2002, Kliegel et al., 2007, Castanho et al., 2014, 
Manly et al., 2011). The evident limitation for telephone-administered cognition 
screening tools is hearing problems that might distort the assessment (Roccaforte 
et al., 1992). Verifying hearing is, thus, important. When used correctly, telephone-
administered cognition screening tools have been proven to be as reliable and valid 
as information obtained in face-to-face interaction (Kliegel et al., 2007, Wilson et 
al., 2005, Järvenpää et al., 2002). No one telephone-based cognition screening 
instrument has proven to be preeminent (Martin-Khan et al., 2010). The telephone 
assessment of dementia (TELE) and Telephone Interview of Cognitive Status (TICS) 
are examples of telephone-based cognition screening instruments. They are reliable 
and valid tools for cognition screening in elderly populations (Gatz et al., 2002, 
Castanho et al., 2014, Brandt et al., 1998). They both address the lower end of 
WKHFRJQLWLYHVSHFWUXPDQGDUHVKRZQWRGLɣHUHQWLDWHUDWKHUZHOOEHWZHHQQRUPDO
cognition and dementia, but assessment of MCI is not validated (Castanho et al., 
2014, Kliegel et al., 2007). TICS assesses orientation to time and place, attention, 
short-term memory, sentence repetition, immediate recall, naming to verbal 
description, word opposites, and praxis, while TELE addresses activities of daily 
living, visuospatial function, attention memory, long-term memory, calculation, 
and language. Both instruments have been validated in the Finnish population and 
correlate well with the results of the MMSE (Järvenpää et al., 2002). TICS is also 
the most widely translated and validated telephone cognition screening instrument 
(Castanho et al., 2014). 
National registries in Finland are in general considered very accurate. In 2014, 
a validity study on dementia and AD diagnoses in Finnish national registries was 
published (Solomon, A. et al., 2014). The sensitivity and positive prediction value to 
detect dementia from the Hospital Discharge Registry and the Drug Reimbursement 
Registry together was 71.1% with a positive predictive value of 100%. The Hospital 
Discharge Registry alone had a poor sensitivity to detect dementia cases, 17.7%, 
and its positive predictive value was specially limited before 1998. The authors 
VXJJHVWWKDWPDMRUPRGL¿FDWLRQVLQWKH,QWHUQDWLRQDO&ODVVL¿FDWLRQRI'LVHDVHV,&'
criteria, increasing dementia awareness and the introduction of several new drugs 
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to dementia are likely causes of the improvement in the positive predictive value. In 
(QJODQGWKHVHQVLWLYLW\DQGVSHFL¿FLW\RIGHPHQWLDUHFRUGLQJDFFRUGLQJWRKRVSLWDO
records were 78% and 92%, respectively (Sommerlad et al., 2018). Sommerland 
et al. (2018) also found that the accuracy of recording of dementia diagnoses is 
lower especially for people from ethnic minorities, younger, single people, and those 
ZLWKSK\VLFDOLOOQHVVHV,Q6ZHGHQYHU\GLɣHUHQWHVWLPDWHVRIVHQVLWLYLW\WRGHWHFW
dementia in hospital discharge registries have been found (26% (Dahl et al., 2007) 
RU)HOGPDQHWDODFFRUGLQJWRWKHGLɣHUHQWJROGVWDQGDUGRIGHPHQWLD
used in the studies (consensus based on MMSE result, medical records and hospital 
discharge registry (Dahl et al., 2007) or information based on telephone screening of 
dementia in conjunction with an academic study (Feldman et al., 2012)). A review 
of the accuracy of dementia diagnoses according to routinely collected health data 
also reported large heterogeneity in accuracy estimates (Wilkinson et al., 2018).
The cause of death is a disease or event that led to death. A doctor marks down 
WKHFDXVHRIGHDWKRQDGHDWKFHUWL¿FDWHGH¿QLQJWKHXQGHUO\LQJFDXVHRIGHDWKDFXWH
cause of death and a maximum three contributing causes of death. According to the 
:RUOG+HDOWK2UJDQL]DWLRQ¶VGH¿QLWLRQWKHXQGHUO\LQJFDXVHRIGHDWKPHDQV³WKH
disease or injury which initiated the train of morbid events leading directly to death, 
or the circumstances of the accident or violence which produced the fatal injury” 
(WHO, 2018). The acute cause of death is the acute disease or injury from which 
a person dies. Contributing causes of death mean the diseases, circumstances, or 
injuries that contributed to the cause of death. It is clear that when a registry-based 
indicator is used as a measure of dementia incidence, all possible dementia cases are 
not found, only the most severe ones. It is, however, likely that moderate and severe 
GHPHQWLDLQZKLFKDSHUVRQKDVGLɤFXOWLHVLQLQGHSHQGHQWOLYLQJLVUHFRUGHGDVWKH
underlying or contributing cause of death because it is medically correct because of 
the weakening and disabling nature of the disease even if the acute cause of death 
is related to, for example, coronary artery disease. The severe disease seldom goes 
unnoticed because of the loss of the ability to live independently. According to a 
validity study, the sensitivity of the Causes of Death Register to detect dementia 
cases in Finland is 62.2% with a positive predictive values of 100% (Solomon et 
al., 2014). Solomon et al. (2014) deduced that an underestimation in dementia 
diagnoses from registries may lead to an underestimation of association with risk 
or protective factors. On the other hand, a Swedish validity study reported that 
the Swedish Causes of Death Registry had a sensitivity of 90% to detect dementia 
cases (Feldman et al., 2012). 
Competing causes of death and changes in their treatment or incidence rates 
DɣHFWWKHLQFLGHQFHUDWHVRIGHPHQWLDDQGGHPHQWLDPRUWDOLW\%HFDXVHWKHLQFLGHQFH
DQGPRUWDOLW\RIPDMRUFDUGLRYDVFXODUGLVHDVHVKDYHVLJQL¿FDQWO\GHFUHDVHGVLQFH
the 1980s (Di Cesare et al., 2013, Nichols et al., 2013, Rosengren et al., 2013), the 
persons with the heaviest burden of vascular disease factors live longer. Vascular risk 
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IDFWRUVDUHDOVRLPSOLFDWHGLQGHPHQWLDKHQFHWKHVLJQL¿FDQWGHFUHDVHLQPRUWDOLW\
of cardiovascular disease may be one reason leading to higher dementia prevalence. 

ĞŵĞŶƚŝĂ
ŵŽƌƚĂůŝƚǇ
ĞŵĞŶƚŝĂĚŝĂŐŶŽƐĞƐĨƌŽŵ
ƌĞŐŝƐƚĞƌƐ
ŽŐŶŝƚŝŽŶ
Figure 4. Measuring cognition, dementia, and dementia mortality in research. Adapted from free-hand 
sketch from Professor Urho Kujala, with his permission. 
2.2 PHYSICAL ACTIVITY
2.2.1 DEFINITION AND PREVALENCE
$FFRUGLQJWRWKH:RUOG+HDOWK2UJDQL]DWLRQ3$LVGH¿QHGDV³DQ\ERGLO\PRYHPHQW
produced by skeletal muscles that requires energy expenditure” (WHO, 2010). 
6RPHGH¿QLWLRQVIXUWKHUVSHFLI\WKDWWKHHQHUJ\H[SHQGLWXUHKDVWREH³VXEVWDQWLDO´
+RZOH\3$KDVPXOWLSOHUHPDUNDEOHKHDOWKEHQH¿WV/HH,0HWDO
ZKLOHWKHLQÀXHQFHRISK\VLFDOLQDFWLYLW\RQKHDOWKLVHVSHFLDOO\FRQVLGHUDEOHEHFDXVH
the prevalence of physical inactivity is estimated to be very high, about two-thirds 
(66%) globally (Fine et al., 2004). 
:KDWDPRXQWDQG LQWHQVLW\RIH[HUFLVH LVEHQH¿FLDO IRUKHDOWK"7KHDQVZHU
LVVLPSOHDOO3$LVEHQH¿FLDODOWKRXJKDGYHUVHHɣHFWV LQFUHDVHZKHQYHU\KLJK
amounts of exercise are reached (Eijsvogels et al., 2018). The 2018 Physical Activity 
Guidelines for Americans recommend at least 150 minutes of moderate-intensity 
PA or at least 75 minutes of vigorous-intensity PA per week for substantial health 
EHQH¿WV3K\VLFDO$FWLYLW\*XLGHOLQHV$GYLVRU\&RPPLWWHH7KHQHZ
recommendation does not require the PA bouts to last at least 10 minutes, as did 
the older recommendation. Muscle strengthening is recommended at least two 
times per week and preferably to all major muscle groups. The issue of the intensity 
of PA is complex. While it is straightforward to set limits on absolute intensity of 
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3$WKHUHODWLYH LQWHQVLW\ LVYHU\YDULDEOHDPRQJLQGLYLGXDOVRIGLɣHUHQW¿WQHVV
OHYHOV7KHJHQHUDOGH¿QLWLRQRIDEVROXWHH[HUFLVHLQWHQVLW\LVGHVFULEHGLQHQHUJ\
expenditure: light exercise meaning 1.1–2.9 METs (metabolic equivalent of task, 
i.e., multiples of metabolic resting energy expenditure), moderate exercise 3.0–5.9 
METs, and vigorous exercise 6.0 or more METs (The Physical Activity Guidelines 
Advisory Committee, 2009). However, the relative intensity of, for example, brisk 
ZDONLQJ0(7VFDQEHYHU\ OLJKWIRUD¿WSHUVRQDQGYLJRURXVIRUDQRQ¿W
person (see Figure 5) (Howley, 2001, Kujala et al., 2017). This variability in perceived 
intensity levels also makes research and categorization of physical intensity levels 
more challenging. 

Figure 5. Illustration of the theoretical overlap between absolute PA intensity versus PA intensity relative 
to individual aerobic ﬁtness level. Reprinted by permission from Wolters Kluwer Health, Inc.: Kujala UM, 
Pietilä J, Myllymäki T, Mutikainen S, Föhr T, Korhonen I, Helander E. Physical Activity: Absolute Intensity 
versus Relative-to-Fitness-Level Volumes. Med Sci Sports Exerc. 2017 Mar;49(3):474-481. http://www.acsm.
org/public-information/acsm-journals/medicine-science-in-sports-exercise.  Copyright Oct 9, 2018. % VO2 
reserve=percentage of maximal oxygen uptake reserve, MET= Metabolic equivalent of task, MPA= Moderate 
physical activity, VPA= Vigorous physical activity, Abs= Absolute, Rel= Relative. 
During the past decade, new research data has shown that not only is long-lasting 
PA important to health but that an active lifestyle doing something else than sitting 
IRUORQJSHULRGVRIWLPHLVDOVREHQH¿FLDOUHJDUGLQJKHDOWK,QIDFWVHGHQWDU\WLPHKDV
been associated with greater mortality risk independent of moderate to vigorous PA 
(Koster et al., 2012). Sedentary time has also been associated with greater incidence 
of cardiovascular disease, cancer and type 2 diabetes, again independent of PA 
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%LVZDVHWDO&RQWUDGLFWRU\¿QGLQJVH[LVWKRZHYHU,QDODUJHPHWDDQDO\VLV
high levels of moderate intensity PA eliminated the increased risk for mortality 
associated with high sitting times (Ekelund et al., 2016). A recent cross-sectional 
VWXG\VKRZHGWKDW3$ZDVDVVRFLDWHGZLWKDEHWWHUFDUGLRPHWDEROLFULVNSUR¿OHHYHQ
with high concomitant sedentary times (Bakrania et al., 2016). What seems clear 
though is that both sedentary time and lack of moderate PA confer health risks, 
HYHQLIEHLQJSUR¿FLHQWO\DFWLYHLQRQHPLJKWOHVVHQWKHLQDFWLYLW\ULVNRIWKHRWKHU
Interesting evidence has also been provided by studies comparing the health 
DVVRFLDWLRQVRIVHGHQWDU\WLPHXVHGLQGLɣHUHQWFRQWH[WV'HSHQGLQJRQZKDWWKH
sedentary time is used for: for occupational aims or more passively watching TV for 
example, recent studies have found distinct associations with health. The evidence 
indicates that occupational sitting time is less deleterious for cardiometabolic risk 
IDFWRUVDQGFDUGLRUHVSLUDWRU\¿WQHVVWKDQOHLVXUHVLWWLQJWLPH6DLGMHWDO
Saidj et al., 2014, Pinto Pereira et al., 2012). 
The amount of sedentary time in the United States has been estimated in an 
accelerometer study to be around 55% (7.7 hours/day) for all participants, both 
children and adults, and for older adolescents and adults 60 years or over as high as 
60% of their waking hours (Matthews, C.E. et al., 2008). In Finland, the percentage 
of waking hours spent sedentary has been estimated to be 59%, the daily time spent 
on light PA, on average, 2 hours (h) 8 minutes (min), and the daily time spent in 
moderate- to vigorous PA, on average, 1 h 17 min (Husu et al., 2016). Only 22.5% of 
WKHVDPSOHPHPEHUVIXO¿OOHGWKHSUHYLRXVO\PHQWLRQHGROGZHHNO\UHFRPPHQGDWLRQ
for health-enhancing aerobic PA requiring the PA bouts to last at least 10 min 
+XVXHWDO7KLVQXPEHULVVLJQL¿FDQWO\VPDOOHUWKDQWKHRQHUHWULHYHGIURP
the questionnaire studies. According to questionnaire studies, 50% of working-age 
DGXOWVIXO¿OOHGWKHDHURELFH[HUFLVHFULWHULDIRUKHDOWKUHFRPPHQGDWLRQVEXWRQO\
DPRQJPHQDQGDPRQJZRPHQIXO¿OOHGWKHUHFRPPHQGDWLRQVIRUPXVFOH
strengthening PA (Husu et al., 2011). These studies were implemented when PA 
recommendations of that time recommended at least 150 min of moderate PA or 
at least 75 min of vigorous PA every week consisting of PA bouts lasting at least 
10 min. If PA bouts longer than 1 min are included in the calculation like the new 
guidelines recommend (2018 Physical Activity Guidelines Advisory Committee, 
2018), the aerobic PA levels are much higher than if only bouts longer than 10 
minutes are included. For example, in a cross-sectional study of over 9000 Finnish 
HPSOR\HHVDSSUR[LPDWHO\RIPHQDQGRIZRPHQIXO¿OOHGWKHDHURELF3$
recommendation measured with an accelerometer (Mutikainen et al., 2014).
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2.2.2 HERITABILITY OF PHYSICAL ACTIVITY
,Q D WZLQ VWXG\ FRPELQLQJGDWD IURP VHYHQGLɣHUHQW(XURSHDQ FRXQWULHV WKH
heritability of leisure-time PA (LTPA) in general has been estimated to be around 
±6WXEEHHWDO7KHHɣHFWJHQHVKDYHRQ3$SDUWLFLSDWLRQVHHPVWKXV
WREHRIPRGHUDWHVL]H7KHHɣHFWRIJHQHWLFLQÀXHQFHVRQSDUWLFLSDWLRQLQYLJRURXV3$
DQGPRUHLQWHQVHVSRUWVKDVEHHQHVWLPDWHGWREHODUJHUWKDQWKHJHQHWLFLQÀXHQFHV
on lighter and less intense PA (Beunen et al., 1999, Mustelin et al., 2012, de Geus et 
DO,QD)LQQLVKWZLQVWXG\WKHKHULWDELOLW\RI/73$ZDVHVWLPDWHGDWGLɣHUHQW
ages and the heritability was found to be moderate (43–52%) in adolescence and 
declined to about 30% in young adulthood (Aaltonen et al., 2013). The estimates were 
similar for both men and women. These studies have relied on self-reports of PA in 
estimating PA engagement. The arrival of practical accelerometers and cheap heart 
rate monitors on the markets has enabled the estimation of heritability of PA with 
objective measures independent of recall bias or social desirability bias. Heritability 
of objectively measured moderate-to-vigorous PA (MVPA) has been estimated to be 
around 47% (den Hoed et al., 2013) and heritability of sedentary behavior around 
35–41% (den Hoed et al., 2013, Waller et al., 2018). A recently published GWAS 
IURPWKH8.LGHQWL¿HGWHQJHQHWLFYDULDQWVDVVRFLDWHGZLWKHQJDJHPHQWLQKDELWXDO
3$DQGZDVWKH¿UVWVWXG\WRGRVR.OLPHQWLGLVHWDO$PRQJWKHVHZHUH
genetic variants in CADM2, a gene previously linked to BMI variation and in APOE, 
a gene strongly implicated in AD. 
2.2.3 PHYSICAL ACTIVITY’S RELATIONSHIP TO CARDIORESPIRATORY FITNESS
&DUGLRUHVSLUDWRU\ ¿WQHVVPHDQV ³WKH DELOLW\ RI WKH FLUFXODWRU\ DQG UHVSLUDWRU\
systems to supply oxygen during sustained physical activity” (WHO, 2010). It is 
usually expressed as maximal oxygen uptake and can be measured in maximal 
exercise testing procedures with gas analyses (Shepard et al., 1968). The heritability 
RIFDUGLRUHVSLUDWRU\¿WQHVVKDVEHHQHVWLPDWHGWREHDERXW±DFFRUGLQJWR
twin studies (Fagard et al., 1991, Sundet et al., 1994) and about 40–50% in family 
VWXGLHV0RQWR\HHWDO+RZHYHUQRVLQJOHJHQHVDɣHFWLQJFDUGLRUHVSLUDWRU\
¿WQHVVZLWKFHUWDLQW\DUHNQRZQ6DU]\QVNLHWDO5HJXODUH[HUFLVHOHDGVWR
DGDSWLYHFKDQJHVLQWKHFDUGLRUHVSLUDWRU\V\VWHPZKLFKLPSURYH¿WQHVVEXWWKHUH
DUHJUHDWGLɣHUHQFHVLQWKHUHVSRQVLYHQHVVRIPD[LPDOR[\JHQXSWDNHWRWUDLQLQJ
DQGWKHVHGLɣHUHQFHVDUHH[SODLQHGWRDJUHDWH[WHQWE\VKDUHGIDPLOLDO IDFWRUV
including genetics (Zadro et al., 2017, Bouchard et al., 2001, Mustelin et al., 2011). 
However, a recent study showed that such a phenomenon as “non-responders” does 
not exist. By increasing the amount of exercise, the individuals with no response 
LQFDUGLRUHVSLUDWRU\¿WQHVVWRORZHUDPRXQWVRIHQGXUDQFHWUDLQLQJDOVREHJLQWR
show improvements (Montero et al., 2017).
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2.2.4 MEASURING PHYSICAL ACTIVITY
The most commonly used method for measuring PA in the past has been through 
TXHVWLRQQDLUHV7KHXVHRIVHOIUHSRUWV OLNHWKLVKDVEHHQFRVWHɣHFWLYHDQGHDV\
to apply to large cohorts. The quality of PA measurement also depends on the 
questionnaire used to estimate PA. Structured detailed questions covering the 
intensity, duration, and frequency of PA yield more reliable results than crude vague 
questions with yes or no answer options. However, high-quality PA questionnaires 
also have limitations, like recall bias, biased results due to overestimating PA for 
VRFLDOGHVLUDELOLW\DQGERWKFXOWXUDODQGLQGLYLGXDOGLɣHUHQFHVLQSHUFHSWLRQ7XFNHU
et al., 2011, Warren et al., 2010). For example, in a considerable cohort of US 
adults, the estimates of the proportion of adults meeting the health-enhancing PA 
recommendations varied greatly between data from self-reports and data from 
objective measurement using accelerometer data (Tucker et al., 2011). In this study, 
the proportion of adults meeting the recommendations was approximately 59.6% 
DFFRUGLQJWRVHOIUHSRUWVWKHFRUUHVSRQGLQJ¿JXUHIURPREMHFWLYHO\PHDVXUHGGDWD
was only 8.2%. Another study systematically reviewed objective measurement 
and self-report of PA and found both higher and lower levels of PA in self-reports 
compared to direct data (Prince, S. A. et al., 2008). Thus, comparison between 
VWXGLHVXVLQJREMHFWLYHRUVHOIUHSRUWPHDVXUHVRI3$LVYHU\GLɤFXOW
Measuring PA with an accelerometer has, nevertheless, its own weaknesses. 
Many activities rather common in Finnish society cannot be measured accurately 
with a simple single accelerometer, like the works of a lumberjack, bicycling, 
swimming, water running or water walking, and other aquatic exercise. Lifting 
heavy weights or working out at a gym are also outside of the method’s accurate 
PHDVXUHPHQWFDSDELOLW\$GGLWLRQDOO\WKHPHWKRGGRHVQRWGLɣHUHQWLDWHEHWZHHQ
GLɣHUHQWW\SHVRIJURXQG±LWLVIDUPRUHVWUHQXRXVWRZDONLQDVZDPSRURQYHU\
rough ground with many obstacles like logging waste than on even ground. There are 
DOVRGLɣHUHQFHVEHWZHHQDFFHOHURPHWHUV,QJHQHUDOWKHKLSZRUQDFFHOHURPHWHUV
DUH FRQVLGHUHGPRUH UHOLDEOH EHFDXVH RI WKHLU DELOLW\ WR GLɣHUHQWLDWH EHWZHHQ
standing still, sitting, and lying (Rosenberger et al., 2013). One further limitation 
in comparison between PA studies using the accelerometers is the high variability 
in the analysis and interpretation methods (Kowalski et al., 2012). A Finnish study 
group has, however, proposed a uniform interpretation method for accelerometer 
GDWDLUUHVSHFWLYHRIWKHEUDQGWKHPHDQDPSOLWXGHGHYLDWLRQZLWKXQLYHUVDOFXWRɣ
limits for intensity, providing better comparability (Vähä-Ypyä et al., 2015a). The 
optimal way to measure PA would probably be to combine accelerometer and heart 
rate monitoring with a preceding laboratory exercise test to determine individual 
PA intensity levels (Sievänen et al., 2017). The accelerometer would accurately 
cover the amount of sedentary behaviour (SB) and light PA (LPA), and the heart 
UDWHPRQLWRUZRXOGDFFXUDWHO\GLɣHUHQWLDWHEHWZHHQPRUHVWUHQXRXV3$ZLWKWKH
help of individually set threshold levels. 
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2.3 PHYSICAL ACTIVITY AND COGNITION
2.3.1 PHYSICAL ACTIVITY AND COGNITION: PROSPECTIVE COHORT STUDIES
Numerous prospective cohort studies addressing PA and cognition or dementia exist 
VHH$SSHQGL[,7KHPDMRULW\RIWKHVHVWXGLHVGLGQRWGLɣHUHQWLDWHEHWZHHQDHURELF
H[HUFLVHDQGUHVLVWDQFHWUDLQLQJWKXVWKHWHUPµSK\VLFDODFWLYLW\¶LVQRWVSHFL¿FWR
either aerobic exercise or resistance training but can encompass both training types. 
,KDYHWULHGWR¿QGDOOVWXGLHVDVVHVVLQJ3$DQGFRJQLWLRQLQDGXOWKRRGRULQROGHU
age, but I have not done a systematic review. I do, however, assess their quality and 
results in a narrative manner in this chapter. The studies are vastly heterogenous. 
The majority of them have assessed PA with a questionnaire and only a few with an 
REMHFWLYHPHDVXUHRI3$$OWKRXJKWKHTXHVWLRQQDLUHPHWKRGXQL¿HVWKHPDMRULW\
of studies, the questionnaires have been varied and the categorization of PA has 
EHHQKHWHURJHQRXV7KLVPDNHVWKHVWXGLHVGLɤFXOWWRFRPSDUH)XUWKHUPRUHWKH
majority of the studies have been rather short in duration and have been conducted 
in an elderly population. This kind of setting makes the study vulnerable to bias. 
Considering the lengthy preclinical phase in AD (Fagan et al., 2014, Jansen et al., 
9LOOHPDJQHHWDO%DWHPDQHWDOSK\VLFDOLQDFWLYLW\PLJKWUHÀHFW
a preclinical state of dementia in a study with short follow-up. An ideal setting for 
VWXG\LQJWKHHɣHFWRI3$RQFRJQLWLRQZRXOGEHD5&7ODVWLQJIRUGHFDGHV2EYLRXVO\
this kind of study would be too expensive to conduct, the drop-out rate would 
become high, and not to mention it would be unethical for the physical inactivity 
JURXSEHFDXVHRIDOOWKHEHQH¿WVRI3$&RQVHTXHQWO\5&7VFDQRQO\GRVRPXFK
to prove causality in quite short-time periods. Epidemiological studies are needed 
to reveal associations in risk or protective factors for diseases whose development 
lasts years or decades. When PA has been measured in midlife, it is unlikely that 
WKHSDUWLFLSDQWVVXɣHUIURPSUHFOLQLFDOGHPHQWLD2QWKLVDFFRXQWHSLGHPLRORJLFDO
studies lasting long and starting in midlife are important.
The number of prospective cohort studies addressing PA and cognition that 
have started in the participants’ midlife and with a duration of over 10 years is, 
to my knowledge, 8 (Richards et al., 2003, Sabia et al., 2017, Elwood et al., 2013, 
Gross et al., 2017, Chang, M. et al., 2010, Virta et al., 2013a, Kåreholt et al., 2011, 
Singh-Manoux et al., 2005). The mean age at the time of PA assessment ranged 
from 36 to 57 years in the studies that reported mean age in addition to age range. 
Follow-up length varied from 11 to 30 years. PA was measured heterogeneously 
QXPEHURIGLɣHUHQWSK\VLFDODFWLYLWLHVYVYROXPHRI3$DQGSDUWLFLSDWLRQLQYLJRURXV
PA). Nearly all studies adjusted for age (one study did not, but their cohort was all 
the same age (Richards et al., 2003)) and sex (except for one studying only men 
(Elwood et al., 2013)). Six studies controlled for education while two studies lacking 
adjustment for education adjusted for socio-economic status (Sabia et al., 2017) or 
social class and a test measuring intelligence in mid-follow-up (Elwood et al., 2013). 
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One study did not adjust for education, social class, or a measure of crystallized 
intelligence, but their cohort consisted of medical graduates, thus, having a very 
similar educational background (Gross et al., 2017). Three studies did not take into 
account vascular risk factors other than PA (Elwood et al., 2013, Sabia et al., 2017, 
Richards et al., 2003) and two studies also controlled for a measure of intelligence, 
either intelligence quotient (Richards et al., 2003) or a test describing crystallized 
intelligence (Singh-Manoux et al., 2005). The majority of studies found an inverse 
association between PA and some measure of cognition (Chang, M. et al., 2010, 
Elwood et al., 2013, Virta et al., 2013a, Singh-Manoux et al., 2005).  Kåreholt et al. 
(2011) found an association between PA and items from the MMSE only in women, 
ZKLOH5LFKDUGVHWDO6DELDHWDODQG&URVVHWDOGLGQRW¿QG
DVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ3$DQGFRJQLWLRQ
Overall, four of these studies were of high quality, providing sound measures 
of both PA and cognition, controlling for the most important confounding factors 
(age, sex, education or premorbid intelligence), and having at least a moderately 
large unselected study cohort (>1000) (Singh-Manoux et al., 2005, Chang, M. et al., 
2010, Virta et al., 2013a, Elwood et al., 2013). The result in all of these was in favor 
of PA: PA was associated with better cognition either globally or in some domain of 
cognitive function. In the study of Singh-Manoux et al. (2005), PA was associated 
ZLWKRQO\ÀXLGLQWHOOLJHQFHEXWQRWPHPRU\RUSKRQHPLFRUVHPDQWLFÀXHQF\%\
contrast, in the study of Chang et al. (2010), all three areas of cognition measured 
SURFHVVLQJVSHHGH[HFXWLYHIXQFWLRQDQGPHPRU\ZHUHVWDWLVWLFDOO\VLJQL¿FDQWO\
associated with PA. In the study of Virta et al. (2013a), the lowest quartile of PA had 
DVLJQL¿FDQWO\KLJKHUULVNRIFRJQLWLYHGHFOLQHWKDQWKHKLJKHVWTXDUWLOHRI3$(OZRRG
et al. (2013) reported an OR of 0.62 with 95% CIs of 0.41–0.92 for regular exercisers 
developing cognitive decline. For studies with measures of PA that were cruder, the 
UHVXOWVZHUHGLɣHUHQWLQWKHVWXG\RI.nUHKROWHWDOPLGOLIHSDUWLFLSDWLRQLQ
sports, gardening, and dancing was associated with cognition only in women, and 
in the study of Richards et al. (2003) the number of midlife physical activities did 
not have an independent association with verbal memory. Therefore, robust and 
methodologically sound studies examining midlife PA and late-life cognition are 
scarce, but in favor of a positive association.
While the majority of observational studies of PA and cognition in the elderly are 
of quite short duration, a small number with a study duration exceeding seven years 
H[LVWV<DɣHHWDO<DɣHHWDO3LJQDWWLHWDO/HH6HWDO
Rajan et al., 2015, van Gelder et al., 2004, Psaltopoulou et al., 2008, Jedrziewski 
HWDO,QEULHIPRVWVWXGLHVKDGDPHDVXUHRIWKHYROXPHRI3$<DɣHHW
DODGGUHVVHGZDONLQJDPRXQW<DɣHHWDODGGUHVVHGPRGHUDWHRU
vigorous PA and Jedrziewski et al. (2010) studied the number of physical activities 
and the number of PA sessions. Of these prospective cohort studies launched in older 
age but with a lengthy follow-up over seven years, the most high-quality studies 
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(large cohort size at least of 500 participants, most important confounding factors 
WDNHQLQWRDFFRXQWDQDFFXUDWHPHDVXUHRI3$YDQ*HOGHUHWDO<DɣHHW
DO<DɣHHWDO3VDOWRSRXORXHWDO/HH6HWDOSURYLGH
support for the notion that PA protects from cognitive decline. The majority of 
WKHVHDVVHVVHGWKHYROXPHRI3$ZKLOH<DɣHHWDOVSHFL¿FDOO\DVVHVVHGWKH
association of MVPA with later cognition. In these studies, light-intensity PA (Lee, S. 
HWDOYROXPHRI3$YDQ*HOGHUHWDO<DɣHHWDO3VDOWRSRXORX
HWDODQGVWUHQXRXV3$<DɣHHWDOZHUHDOODVVRFLDWHGZLWKEHWWHU
cognitive function after a lengthy follow-up. 
Many other cohort studies addressing PA and cognition exist (Angevaren et 
al., 2010, Buchman et al., 2012, Laurin et al., 2001, Lytle et al., 2004, Sumic et al., 
2007, Etgen et al., 2010, Pizzie et al., 2014, Schuit et al., 2001, Sturman et al., 2005, 
Broe et al., 1998, Willey et al., 2014, Willey et al., 2016, Ho et al., 2001, Verghese 
et al., 2006, Verghese et al., 2009, Flicker et al., 2005, Middleton, L. et al., 2008, 
Middleton, L. E. et al., 2008, Niti et al., 2008, Iwasa et al., 2012, Kim et al., 2011, 
Vercambre et al., 2011, Wang, J. Y. et al., 2006, Wang, S. et al., 2014, Zhu, W. et al., 
2017, Verdelho et al., 2012, Middleton, L. E. et al., 2011). Despite other strengths, a 
reverse causation is a challenge in these studies with short follow-ups (1.5–6.4 years). 
2.3.2 PHYSICAL ACTIVITY AND COGNITION: META-ANALYSES OF  
PROSPECTIVE COHORT STUDIES
0HWDDQDO\VHV6R¿HWDO0RUJDQHWDO%ORQGHOOHWDO*XXUHHW
al., 2017) on PA and cognition have had similar estimates of association for high 
PA (see Table 1): 
Table 1. Meta-analyses of prospective studies assessing physical activity and cognition
Study Risk ratio/OR/
effect size (95% CI)
Deﬁnition of PA
Soﬁ et al. 2011 0.62 (0.54–0.70) High level of PA (the highest PA group regardless of the 
amount of PA categories in individual studies) compared 
to no PA or the lowest PA group
Morgan et al. 2012 0.66 (0.52–0.85) PA compared to no PA or the highest PA level compared 
to “baseline”
Blondell et al. 2014 0.65 (0.55–0.76) The highest level of PA compared to the lowest level of 
PA
Guure et al. 2017 0.67 (0.55–0.78) High PA compared to low or no PA (if individual studies 
had more categories than three, they were recategorized 
into three categories no/low, moderate, or high)
7KHPHWKRGVWRREWDLQWKHUHVXOWVGLGGLɣHUEHWZHHQWKHVWXGLHV6R¿HWDO
Morgan et al. (2012), and Blondell et al. (2014) used more traditional methods 
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in their meta-analysis, while Guure et al. (2017) used Bayesian parametric and 
QRQSDUDPHWULFPHWKRGV6R¿HWDODQG0RUJDQHWDOGLGQRWDVVHVV
the quality of the studies included systematically, but did perform sensitivity or 
subgroup analyses. Blondell et al. (2014) assessed the studies with a tool adapted 
from Singh (Singh et al., 2012), and Guure et al. (2017) assessed the study quality 
with the Meta-analysis of Statistics and Review Instrument (Joanna Briggs Institute, 
2010). The number of cohorts included were 15, 9, 17, 22 for the meta-analyses 
IURP6R¿HWDO0RUJDQHWDO%ORQGHOOHWDODQG*XXUHHWDO
(2017), respectively. None of the meta-analyses found evidence of publication bias. 
Heterogeneity, on the other hand, was found by Morgan et al. (2012) and Blondell 
HWDOEXWQRWE\6R¿HWDODQG*XXUHHWDO$FRPPRQ¿QGLQJ
for all four of the meta-analyses was that shorter follow-ups were associated with 
JUHDWHUSRVLWLYHDVVRFLDWLRQVWKH¿QGLQJEHLQJVWURQJHVWLQWKHPHWDDQDO\VLVIURP
*XXUHHWDOQRVLJQL¿FDQWDVVRFLDWLRQZDVIRXQGEHWZHHQ3$DQGGHFUHDVHG
cognitive decline incidence if only studies with follow-ups longer than 5 years were 
LQFOXGHG,QWKHVWXG\IURP6R¿HWDOVWXGLHVZLWKODUJHUVDPSOHVL]HVDQG
in the study from Blondell et al. (2014), high-quality studies and studies with at 
OHDVW\HDUIROORZXSVVKRZHGZHDNHURUQRQVLJQL¿FDQWDVVRFLDWLRQVWKDQVPDOOHU
studies, studies with shorter follow-ups, or low-quality studies. In the meta-analysis 
from Guure et al. (2017), PA was positively associated with later cognition only in 
older cohorts at least 65 years old and follow-ups shorter than 5 years. These results 
from the subgroup analyses arouse the suspicion that the considerable associations 
found in the main results of these meta-analyses could be at least to some extent 
due to reverse causality. However, of the four very good quality prospective studies 
previously presented in this thesis with truly long-term follow-ups starting from 
PLGOLIHDOOVKRZDVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ3$DQGFRJQLWLRQ
2.3.3 PHYSICAL ACTIVITY AND COGNITION: RANDOMIZED CONTROLLED TRIALS 
7UXO\ORQJWHUP5&7VZLWKODUJHVDPSOHVL]HVDUHGLɤFXOWWRFDUU\RXW0HWDDQDO\VHV
of RCTs assessing aerobic exercise and cognition in adults with healthy cognition 
GHPRQVWUDWHWKHGLɤFXOWLHVLQWKLV¿HOG7KHPHDQVDPSOHVL]HLQWKHWULDOVRIPRVW
RI WKHPHWDDQDO\VHV LQWKLV¿HOGKDYHUDQJHGEHWZHHQDQG6PLWKHWDO
2010, Hindin et al., 2012, Kelly et al., 2014, Young et al., 2015, Northey et al., 
2018, Barha et al., 2017). The length of the intervention has also been moderate 
in these meta-analyses, mostly less than one year (Smith et al., 2010, Hindin et 
al., 2012, Kelly et al., 2014, Young et al., 2015, Northey et al., 2018, Barha et al., 
2017). In these meta-analyses of small studies with relatively short interventions, 
WZRUHSRUWHGEHQH¿FLDOHɣHFWVRQFRJQLWLRQ6PLWKHWDO+LQGLQHWDO
and two did not (Young et al., 2015, Kelly et al., 2014). The most comprehensive 
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of these meta-analyses was that of Smith et al. (2010), covering 29 RCTs. The 
PRVWUHFHQWPHWDDQDO\VLVLQWKLV¿HOGGLɣHUVIURPWKHVHHDUOLHUPHWDDQDO\VHVLQ
that it did not include studies with few participants but included only more robust 
larger trials (de Souto Barreto, Demougeot et al., 2018). The mean sample size in 
the trials of this meta-analysis was 520 and the mean duration 14.4 months. They 
FRQFOXGHGWKDWHYLGHQFHIURP5&7VLVOLPLWHGDQGGRHVQRWVXSSRUWVLJQL¿FDQWULVN
reduction for cognitive impairment with physical exercise. The single largest RCT 
with a lengthy duration (n=1476, duration: 2 years) with moderate-intensity PA 
VKRZHGQRLPSURYHPHQWLQJOREDORUGRPDLQVSHFL¿FFRJQLWLYHIXQFWLRQLQHOGHUO\
adults of 70–89 years of age (Sink et al., 2015). 
The results from three robust multidomain RCTs (targeting not only exercise 
but also diet and/or cognitively stimulating activities) with large sample sizes 
(n=1190–3454) and with lengthy durations (2–6 years) have been published in 
recent years (Ngandu et al., 2015, Andrieu et al., 2017, Moll van Charante et al., 
2016). PA was one of the intervention areas in FINGER (Ngandu et al., 2015) and 
in MAPT (Andrieu et al., 2017), whereas in PreDIVA (Moll van Charante et al., 
WKHVSHFL¿FOLIHVW\OHWDUJHWVDUHQRWVSHFL¿HGEXWPRVWSUREDEO\LQFOXGH3$DV
ZHOO:KLOHWKH),1*(5VWXG\1JDQGXHWDOIRXQGDVLJQL¿FDQWSURWHFWLYH
HɣHFWRQFRJQLWLRQ0$37$QGULHXHWDODQG3UH',9$0ROOYDQ&KDUDQWH
et al., 2016) failed to do so. The results from FINGER have been criticized as being 
too weak (Lampit et al., 2015) and defended by the authors on the basis of being 
relevant in a public health context in the long-term (Kivipelto et al., 2015). On 
the other hand, the intervention in MAPT might have been too late for the study 
participants because 40% of the participants had very mild dementia according to 
the Clinical Dementia Rating at baseline (Kivipelto et al., 2017, Richard et al., 2012); 
the intervention did not result in an increase in PA levels (Andrieu et al., 2017). 
As for the PreDIVA study, it had considerably less rigorous interventions: only 
OLIHVW\OHDGYLFHPRWLYDWLRQDOLQWHUYLHZLQJWHFKQLTXHVDQG¿YHHGXFDWLRQDOVHVVLRQV
in contrast with several individual nutritional sessions, nutritional group sessions, 
144 computer-training sessions and weekly guided exercise sessions in FINGER. 
7KH),1*(5WULDOKDVDOVREHHQFULWLFL]HGIRUH[KLELWLQJWRRODUJHDQHɣHFWGXHWRD
OHDUQLQJHɣHFWIURPFRPSXWHUWUDLQLQJDɣHFWLQJWKHFRJQLWLYHRXWFRPHV.LYLPäki et 
al., 2015). The authors defended their study by describing how cognitive outcomes 
ZHUHPHDVXUHGZLWKSHQDQGSDSHUDVVHVVPHQWDQGZLWKYHU\GLɣHUHQWWHVWVWKDQ
the tasks used in computer-training (Kivipelto et al., 2015). 
In a secondary analysis of the MAPT trial addressing the placebo group, 
LTPA was weakly associated with some of the cognitive measures used (de Souto 
Barreto, Andrieu et al., 2018). In the Finnish Prevention Study of Diabetes lasting 
approximately 4 years, cognition was followed up 9 years after the end of the 
LQWHUYHQWLRQDQGWKHLQWHUYHQWLRQGLGQRWUHVXOWLQFRJQLWLYHEHQH¿WV/XFKVLQJHU
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et al., 2015). In their secondary analysis, lifestyle factors were assessed individually 
DQG3$GLGQRWKDYHDVLJQL¿FDQWHɣHFWRQFRJQLWLRQ/HKWLVDORHWDO
To conclude, evidence of a positive association between PA and cognition 
is scarce, controversial, and based on either small studies with relatively short 
durations or lengthier multidomain studies’ secondary analyses of PA. Convincing 
evidence to one direction or the other is still lacking. 
'HVSLWH WKH LQVXɤFLHQWHYLGHQFHRQ WKHDVVRFLDWLRQRI3$DQGFRJQLWLRQ LQ
cognitively healthy participants at baseline, promising evidence from cohorts with 
MCI (Heyn et al., 2004) or even dementia (Forbes et al., 2013, Groot et al., 2016) 
exist. According to a more recent review (Öhman et al., 2014), the evidence for 
dementia also has controversies and methodological shortcomings, but evidence for 
the positive association between PA and cognition was described as more rigorous. 
2.3.4 OBJECTIVELY MEASURED PHYSICAL ACTIVITY AND COGNITION
To my knowledge, nine studies assessing the association between objectively 
measured PA and cognition have been published (see Table 2). 
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7KHORQJLWXGLQDOVWXGLHVDOOIRXQGVLJQL¿FDQWDVVRFLDWLRQEHWZHHQHLWKHUWKHDPRXQW
of PA (Middleton, L. E. et al., 2011, Buchman et al., 2012) or MVPA (Zhu, W. et 
al., 2017) and cognition. The follow-ups were, nevertheless, short and cohorts in 
old age predispose these studies to be biased by reverse causation. Halloway et al. 
(2017) addressed the association of change in PA with change in cognition, but 
the follow-up rate in their study was 32% and maintaining MVPA (but not LPA) 
was associated with maintaining semantic memory but not episodic memory or 
perceptual speed. 
The results of the cross-sectional studies were mostly in favor of a positive 
association between PA and cognition either for total PA (Barnes et al., 2008) or 
093$=KX:HWDO.HUUHWDO2QHVWXG\GLGQRW¿QGDQDVVRFLDWLRQ
between MVPA and cognition (Johnson, L. G. et al., 2016), but with LPA and 
cognition. However, in this study the cohort size was considerably smaller than 
in the other cross-sectional studies. One study assessed the correlation between 
LPA or MVPA with many subdomains of cognitive function (Wilbur et al., 2012). 
,QWKHLUVWXG\093$FRUUHODWHGZLWKLQWHUIHUHQFHFRQWURODQGZRUGÀXHQF\EXW
not with episodic memory or inattention, while LPA correlated with inattention 
EXWQRWLQWHUIHUHQFHFRQWUROHSLVRGLFPHPRU\RUZRUGÀXHQF\1RVWXG\IRXQG
an association between SB and cognition. That said, it is clear that evidence from 
studies assessing the association of PA and cognition with an objective measure 
of PA is still scarce. 
To my knowledge, thus far no studies on objectively measured PA and cognition 
with genetically informative data have been published. Since both PA (Stubbe et al., 
2006) and cognition (in adulthood) (Panizzon et al., 2014, Haworth et al., 2009) 
are, in moderate proportions, genetically determined, it is important to study the 
association and to take genetics into account. 
2.3.5 PHYSICAL ACTIVITY AND DEMENTIA: PROSPECTIVE STUDIES
To the best of my knowledge, 11 observational studies addressing midlife PA and 
late-life dementia with a lengthy follow-up have been published (Carlson et al., 
2008, Chang, M. et al., 2010, Elwood et al., 2013, Gelber et al., 2012, Gross et al., 
2017, Morgan et al., 2012, Yamada et al., 2003, Rovio et al., 2007, Tolppanen et al., 
2015, Rovio et al., 2005, Andel et al., 2008). One of these is a twin study with co-
twin control design (n=147) (Carlson et al., 2008) and two of these are case-control 
studies (Andel et al., 2008, Gelber et al., 2012). The cohort sizes in the other studies 
ranged from 646 to 4945, the cohort size being smallest in the study by Gross et 
al. (2017) and largest in the study by Chang et al. (2010). Follow-up lengths were 
from 16 to 31 years. Only the study by Rovio et al. (2007) addressed only work-
UHODWHG3$RWKHUVVWXGLHG/73$RUGLGQRWGLɣHUHQWLDWHEHWZHHQZRUNUHODWHG3$
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and LTPA. All studies controlled for age and sex except for Gelber et al. (2012) 
and Elwood et al. (2013) who had only male participants. Education or a test of 
intelligence (Elwood et al., 2013) was controlled for in all of the studies except that 
of Gross et al. (2017) which was implemented in a cohort of medical graduates. At 
least some vascular risk factors were controlled for in all of the studies except for 
Yamada et al. (2003), Elwood et al. (2013) and Carlson et al. (2008). Yamada et al. 
(2003) and Carlson et al. (2008) used a crude measure of PA while other studies 
KDGPRUHVSHFL¿FDQGWKRURXJK3$PHDVXUHV7KHVWXGLHVIURP5RYLRHWDO
DQG7ROSSDQHQHWDODUHIURPWKHVDPHVWXG\SRSXODWLRQEXWZLWKGLɣHUHQW
categorizations, designs and emphases. 
6WXGLHVDGGUHVVLQJWKHYROXPHRI3$DQGGHPHQWLDKDGGLɣHUHQWUHVXOWV0RUJDQ
et al. (2012) found no association, Gelber et al. (2012) and Andel et al. (2008) 
IRXQGDVLJQL¿FDQWLQYHUVHDVVRFLDWLRQDQG&KDQJHWDOIRXQGDVLJQL¿FDQW
association only for moderate PA, not high but on the other hand, the direction of 
the association was similar for high PA and there were very few cases of dementia 
LQWKHKLJK3$JURXSDɣHFWLQJWKHVLJQL¿FDQFHOHYHOV*URVVHWDO5RYLR
et al. (2005), and Tolppanen et al. (2015) did not address the light end of the 
spectrum of PA, but studied PA causing perspiration or MET-hours of moderate and 
YLJRURXVLQWHQVLW\5RYLRHWDOIRXQGDVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ3$
and decreased incidence of dementia, Gross et al. (2017) did not while Tolppanen 
HWDOIRXQGDVLJQL¿FDQWLQYHUVHDVVRFLDWLRQIRUPRGHUDWH3$RQO\LQPHQRU
only if late-life self-reports of PA were included, creating a risk of reverse causation. 
Carlson et al. (2008), Chang et al. (2010) and Yamada et al. (2003) had PA indices 
constructed from PA of both LPA (e.g., gardening) and vigorous activity and did 
QRWGLɣHUHQWLDWHEHWZHHQWKHVHWZR&DUOVRQHWDODQG<DPDGDHWDO
IRXQGQRVLJQL¿FDQWDVVRFLDWLRQZKLOH&KDQJHWDOGLG¿QGDVLJQL¿FDQW
LQYHUVHDVVRFLDWLRQ5RYLRHWDOUHSRUWHGQRVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ
work-related PA and dementia. 
In conclusion, the most high-quality studies (baseline in midlife, a follow-up of 
RYHU\HDUVQRVLJQL¿FDQWVHOHFWLRQELDVLQWKHFRKRUWDWKRURXJKPHDVXUHRI3$
the result controlled for at least age, sex, education or a measure of intelligence and 
vascular morbidity) of LTPA or PA in general show inconsistent results (Chang, M. 
et al., 2010, Gelber et al., 2012, Morgan et al., 2012, Tolppanen et al., 2015, Rovio 
et al., 2005, Andel et al., 2008). The studies from Gelber et al. (2012), Andel et 
DODQG5RYLRHWDOVKRZVLJQL¿FDQWLQYHUVHDVVRFLDWLRQVEHWZHHQ
LTPA and dementia, the study from Morgan et al. (2012) does not, while the studies 
from Chang et al. (2010) and Tolppanen et al. (2015) are controversial in showing a 
VLJQL¿FDQWLQYHUVHDVVRFLDWLRQRQO\IRUPRGHUDWHDPRXQWVEXWQRWIRUKLJKDPRXQWV
(Chang, M. et al., 2010) or only for men (Tolppanen et al., 2015). In addition to 
these studies assessing midlife PA and dementia, many studies have assessed the 
association of late-life PA and dementia (Appendix II). These studies may be subject 
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to reverse causation since dementia is a slowly developing degenerative disease and 
LQODWHOLIHWKHSUHFOLQLFDOSURFHVVPD\DOUHDG\DɣHFW3$SDUWLFLSDWLRQ
2.3.6 PHYSICAL ACTIVITY AND DEMENTIA: META-ANALYSES OF PROSPECTIVE 
STUDIES
Earlier meta-analyses of PA and all-cause dementia have shown quite similar 
pooled RRs for high PA (see Table 3) (Hamer et al., 2009, Morgan et al., 2012, 
Blondell et al., 2014, Guure et al., 2017, Xu et al., 2017). Apart from the study from 
Hamer & Chida (2009) who did not perform a sensitivity analyses, all these earlier 
PHWDDQDO\VHVUHSRUWHLWKHUVLJQL¿FDQWULVNRISXEOLFDWLRQELDVRUWKDWWKHUHZDV
QRVLJQL¿FDQWDVVRFLDWLRQLIIROORZXSLVORQJHUWKDQ\HDUVRUWKHEDVHOLQH
age of the participants is under 65 years. Even if the conclusions in all these earlier 
meta-analyses except Morgan et al. (2012) support the hypothesis that PA protects 
from dementia, the results from the subgroup analyses arouse the suspicion that 
the associations found in the main results of these meta-analyses could, at least 
to some extent, be due to reverse causality. In the study from Xu et al. (2017), 
the inverse association of PA and dementia was, however, also nearly statistically 
VLJQL¿FDQWLQWKHVXEJURXSRI\RXQJHUSDUWLFLSDQWV\HDUVDQGDOVRVLJQL¿FDQW
in longer (> 10 years) follow-ups. The most recent meta-analysis assessing physical 
inactivity and dementia supports this notion that there is no convincing evidence for 
an association between physical activity and dementia when only follow-ups longer 
than 10 years are included (Kivimäki et al., 2019). Their results were adjusted for 
most important confounding factors (age, sex, education or socio-economic status 
and vascular morbidity). Although they had 19 study results included in their meta-
DQDO\VLVWKLVLQIRUPDWLRQFDPHIURPRQO\GLɣHUHQWSURVSHFWLYHFRKRUWVWXGLHVDW
GLɣHUHQWWLPHSRLQWV
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Table 3 Meta-analyses of prospective studies assessing physical activity and all-cause dementia
Meta-analysis Pooled RR  
(95% CI)
Number 
of studies 
included
Hetero-
geneity
Evidence for 
publication 
bias
Subgroup analysis
Hamer et al.  
2009
0.72  
(0.60–0.86)
16 Yes No No dose-response
Morgan et al.  
2012
0.78  
(0.65–0.94)
16 Yes Yes Similar associations for 
studies with short and long 
follow-ups
Blondell et al. 
2014
0.86  
(0.76–0.97)
21 Yes Maybe Signiﬁcant inverse association 
but only in studies with 
follow-ups shorter than 10 
years
Xu et al.  
2017
0.73  
(0.62–0.87)
15 Yes No Dose-response present, but 
association was signiﬁcant 
only in studies with elderly 
adults (t65 years)
Guure et al.  
2017
0.79  
(0.69–0.88)
32 No No Association signiﬁcant only 
in studies with elderly adults 
(t65 years)
Kivimäki et al. 
2019
1.01  
(0.89–1.13) 
19  
(9 cohorts)
No Not 
evaluated
Association signiﬁcant only in 
studies < 10 years of duration
The meta-analyses addressing PA and AD all point to an inverse association (Table 
4) (Beckett et al., 2015, Beydoun et al., 2014, Daviglus et al., 2011, Santos-Lozano et 
al., 2016, Guure et al., 2017), and some postulate that the association is especially 
strong for AD compared to all-cause dementia or vascular dementia (Beydoun et al., 
2014, Guure et al., 2017). The meta-analyses that incorporated a quality assessment 
in their study found good quality in all studies included (Santos-Lozano et al., 2016, 
Guure et al., 2017). 
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Table 4 Meta-analyses of prospective studies assessing physical activity and AD
Meta-analysis Pooled RR  
(95% CI)
Number 
of studies 
included
Hetero-
geneity
Evidence for 
publication 
bias
Conclusion
Daviglus et al.  
2011
0.72  
(0.53–0.98) 
9 Yes Not told Insufficient evidence because 
of self-reporting PA and 
heterogeneity in the results
Beydoun et al.  
2014
0.58  
(0.49–0.70)
8 Yes No PA protects from AD
Beckett et al.  
2015
0.61  
(0.52–0.73) 
9 No Not told PA seems to decrease 
AD incidence, but reverse 
causation is possible due to 
short follow-ups
Santos-Lozano 
et al. 2016
0.65  
(0.56–0.74)
10 Moderate No PA might prevent AD, 
caution must be warranted 
due to the heterogeneity 
and non-speciﬁcity of PA 
measurement methods 
although quality of the 
studies included was high 
according to their quality 
assessment
Guure et al.  
2017
0.62  
(0.49–0.75)
17 Yes No PA protects from AD and 
the association seems to be 
especially strong compared 
to all-cause dementia, 
vascular dementia, and 
cognitive decline, even in 
long follow-ups (> 5 years)
(YLGHQFHRQ3$DQGYDVFXODUGHPHQWLDGRHVQRWVXJJHVWDQ\VLJQL¿FDQWDVVRFLDWLRQ
$DUVODQGHWDO*XXUHHWDO$DUVODQGHWDOIRXQGDVLJQL¿FDQW
DVVRFLDWLRQEXWWKHPHWDDQDO\VLVZDVOLPLWHGE\LQVXɤFLHQWFRQWURORIFRQIRXQGLQJ
IDFWRUV2QWKHRWKHUKDQG*XXUHHWDO IRXQGQRVLJQL¿FDQWDVVRFLDWLRQ
for PA and VaD, and according to the Meta-Analyses of Statistics Assessment and 
Review Instrument (Joanna Briggs Institute) the methodology in the eight studies 
from Guure et al.’s (2017) meta-analysis was high. However, it must not be forgotten 
that studies addressing this issue are so far fairly scarce. 
In addition to the meta-analyses described, a plethora of narrative and systematic 
reviews are conducted addressing PA and dementia. Because many are outdated or 
do not use systematic methods, they are not discussed. One systematic review on PA 
and AD, however, was recently published and merits a closer look. The authors of 
WKLVVWXG\XVHGDQDGDSWHGTXDOLW\DVVHVVPHQWWRROVSHFL¿FDOO\WDUJHWLQJSURVSHFWLYH
studies of PA and AD (Stephen et al., 2017). Instead of the vague quality criteria 
RIWHQXVHGWKH\KDGYHU\VSHFL¿FGHWDLOHGDQGORJLFDOTXDOLW\FULWHULD2IWKH
prospective observational studies assessing PA and AD, 16 were of moderate quality 
and 8 of low quality. According to their robust systematic review, they conclude an 
inverse association between PA and AD with moderate quality of evidence. They 
SRLQWRXWWKDWPDQ\RIWKHVWXGLHVIDLOLQJWR¿QGWKLVDVVRFLDWLRQGLGQRWVHSDUDWH
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EHWZHHQ/73$DQGZRUNUHODWHG3$ZKLFKPLJKWH[SODLQWKHLUGLɣHUHQWUHVXOWV
They also go on to suggest that the window of opportunity is broad regarding age. 
According to up-to-date evidence, the inverse association between PA and all-
cause dementia or AD seems clear but is less so for PA and VaD. The possibility of 
reverse causality, however, still remains because the evidence comes predominantly 
from studies with fairly short follow-ups and with baseline in old age. Nevertheless, 
LQWKHVWXG\IURP;XHWDOWKHDVVRFLDWLRQZDVDOVRVLJQL¿FDQWLQWKHIROORZ
XSVORQJHUWKDQ\HDUVDQGDOVRQHDUWKHVLJQL¿FDQFHOHYHO LQWKHVXEJURXSRI
participants younger than 65 years. The contribution of genes in the association is 
XQFOHDUDQGWKHLQWHQVLW\DQGYROXPHRI3$QHHGHGWRSURGXFHSURWHFWLYHEHQH¿WV
also remains ambiguous. 
2.3.7 CARDIORESPIRATORY FITNESS AND COGNITION
As discussed previously in this thesis, PA has been associated with better cognition 
later in life (Chang, M. et al., 2010, Elwood et al., 2013, Singh-Manoux et al., 2005, 
9LUWDHWDOD+RZHYHUSHRSOHZKRH[HUFLVHPRUHDUHRIWHQPRUH¿WDQG
VLQFHZHNQRZFDUGLRUHVSLUDWRU\¿WQHVVLVJUHDWO\GHWHUPLQHGE\JHQHWLFV)DJDUG
HWDO6XQGHWHWDORQHFDQZRQGHUZKHWKHULWLVUHDOO\3$WKDWDɣHFWV
FRJQLWLYHDJLQJRUFDUGLRUHVSLUDWRU\¿WQHVVDQGWKHXQGHUO\LQJJHQHWLFV"
7KHDVVRFLDWLRQRIFDUGLRUHVSLUDWRU\¿WQHVVDQGFRJQLWLRQLVDPXFKOHVVVWXGLHG
WRSLFWKDQWKDWRI3$DQGFRJQLWLRQ7KHRQO\PHWDDQDO\VLVVSHFL¿FDOO\DGGUHVVLQJ
WKHDVVRFLDWLRQRIFDUGLRUHVSLUDWRU\¿WQHVVDQGFRJQLWLRQLVRXWGDWHGDQGWKHVWXGLHV
in it have very small sample sizes, mostly under 30 participants (Etnier et al., 2006). 
7KLVPHWDDQDO\VLVGRHVVXJJHVWDVLJQL¿FDQWDVVRFLDWLRQEHWZHHQFDUGLRUHVSLUDWRU\
¿WQHVVDQGFRJQLWLRQEXWWKHUHVXOWVPXVWEHLQWHUSUHWHGZLWKFDXWLRQEHFDXVHRI
the small sample sizes in the studies included. More recent cross-sectional studies, 
also with mainly quite small sample sizes, also suggest an association between 
FDUGLRUHVSLUDWRU\¿WQHVVDQGFRJQLWLRQ%URZQ$'HWDO(WQLHUHWDO
Netz et al., 2011, Newson et al., 2006, Scott et al., 2016), as do larger longitudinal 
VWXGLHV%DUQHVHWDO'H¿QDHWDO.XOPDODHWDO/LXHWDO
:HQGHOOHWDO&RQWURYHUVLHVDERXWWKHFRJQLWLYHGRPDLQDɣHFWHGDQGDERXW
WKHUHODWLRQVKLSWRH[HUFLVHH[LVW$PHWDDQDO\VLVRI¿WQHVVHQKDQFLQJ5&7VVXJJHVWV
WKDW¿WQHVVHVSHFLDOO\LPSURYHVH[HFXWLYHFRQWURO&ROFRPEH6HWDOZKLOH
DORQJLWXGLQDOVWXG\VXJJHVWVWKDWWKHGRPDLQPRVWDɣHFWHGE\¿WQHVVLVPHPRU\
:HQGHOOHWDO$UHFHQW5&7VXJJHVWVWKDWFDUGLRUHVSLUDWRU\¿WQHVVFKDQJH
predicts cognition changes better than simple participation in PA (Vidoni et al., 
EXWDPHWDDQDO\VLVRIPDQ\5&7VVKRZVQRFRJQLWLYHEHQH¿WVIURPH[HUFLVH
HYHQLIDFRQFXUUHQWFDUGLRUHVSLUDWRU\¿WQHVVFKDQJHLVVKRZQWRRFFXU<RXQJHW
al., 2015). 
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2.3.8 RESISTANCE TRAINING AND COGNITION
It has been suggested that resistance training may enhance cognitive performance 
YLDGLɣHUHQWPHFKDQLVPVWKDQDHURELFH[HUFLVH/LX$PEURVHHWDO(YLGHQFH
on the association of resistance training and cognition is, however, scarce. No 
prospective cohort studies have addressed the issue to my knowledge, but several 
RCTs on resistance training and cognition have been published. Many of the reviews 
and meta-analyses of RCTs point out that there is a lack of high-quality studies 
YDQ8ɣHOHQHWDO&KDQJ<.HWDO6DH]GH$VWHDVXHWDO
0DQ\RIWKHPVXJJHVWWKDWUHVLVWDQFHWUDLQLQJPLJKWKDYHDEHQH¿FLDOFRJQLWLYH
HɣHFWRQDWOHDVWVRPHGRPDLQVRIFRJQLWLRQSHUKDSVHYHQRQPDQ\&KDQJ<.
et al., 2012, Liu-Ambrose et al., 2009, Saez de Asteasu et al., 2017, Northey et al., 
.HOO\HWDO7KHFRJQLWLYHGRPDLQZKLFKVHHPVWREHPRVWDɣHFWHG
by strength training is probably executive control (Northey et al., 2017, Saez de 
Asteasu et al., 2017), but also possibly memory and working memory (Northey et 
DO$GGLWLRQDOO\FRQWUDGLFWLQJFRQFOXVLRQVKDYHEHHQPDGHYDQ8ɣHOHQHW
al., 2008, Snowden et al., 2011). Sáez et al. (2017) suggest that strength training 
must be at least moderate-to-high intensity and progressive to provide cognitive 
EHQH¿WV7KH\DOVRGLVFRYHUHGWKDWDWWHQGDQFHUDWHZDVDVLJQL¿FDQWPRGHUDWRULQ
their meta-analysis and low attendance rate at least partly explained the null results 
(Saez de Asteasu et al., 2017). It must be noted that the assumptions made are 
based on only a few studies with altogether approximately 304–409 participants in 
the meta-analyses or pooled resistance training groups (Kelly et al., 2014, Saez de 
Asteasu et al., 2017), and sample sizes in individual studies are small, on average 
74 (Northey et al., 2017). 
The suggested pathways through which resistance training may enhance cognitive 
performance are insulin-like growth factor (IGF-1) and through homocysteine 
FRQFHQWUDWLRQ ,QGHHG WKH FRJQLWLYH EHQH¿WV IURPDHURELF H[HUFLVH KDYH EHHQ
associated with elevating the levels of BDNF and strength training has been shown 
not to elevate the levels of BDNF (Huang, T. et al., 2014). Contradicting evidence, 
however, exists. Marston et al. (2017) showed that intense resistance training can 
increase the peripheral levels of brain-derived neurotrophic factor (Marston et al., 
2017). 
In conclusion, there are few studies on the topic and even fewer high-quality 
studies, the procedures and exercise protocols are very heterogenous and decisive 
FRQFOXVLRQV FDQQRWEHPDGH ,Q WKH¿UVW ODUJHVFDOH ORQJHUWHUPPXOWLGRPDLQ
intervention against cognitive decline, resistance training was one of the targets of 
WKHLQWHUYHQWLRQDQGWKHLQWHUYHQWLRQVKRZHGVLJQL¿FDQWFRJQLWLYHLPSURYHPHQWV
(Ngandu et al., 2015). Another large multidomain intervention did provide 
individual home-based training programs for the participants, but the PA levels of 
the participants did not increase after baseline and the intervention as a whole did 
QRWKDYHVLJQL¿FDQWFRJQLWLYHEHQH¿WV$QGULHXHWDO
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2.3.9 MECHANISTIC STUDIES 
Both animal models and human studies have revealed several modes of action 
UHJDUGLQJKRZDHURELFH[HUFLVHPD\ZRUNWRLPSURYHFRJQLWLRQDQGEXɣHUDJDLQVW
dementia. Aerobic exercise has been shown to increase neuroplasticity (Ding, 
Vaynman, Souda et al., 2006, Huttenrauch et al., 2016), induce macro-scale 
changes such as larger volume of the frontal lobe (Colcombe, S. J. et al., 2006) 
and hippocampus (Erickson et al., 2011), prevent accumulation of amyloid plaques 
(Adlard et al., 2005, Herring et al., 2016), and reduce oxidative stress (Radak et 
DO  DQG QHXURLQÀDPPDWLRQ 1LFKRO HW DO  $GGLWLRQDOO\ DHURELF
H[HUFLVHFDQZRUNWKURXJKRWKHULQGLUHFWZD\VIRUWKHEHQH¿WRIFRJQLWLRQVXFKDV
through cardiovascular factors and through reducing stress (Atlantis et al., 2004) or 
enhancing the quality and lengthening the duration of sleep (Dolezal et al., 2017). 
,QPROHFXODU ODQJXDJH OHDUQLQJDQGPHPRU\PHDQHɤFLHQWFRPPXQLFDWLRQ
between neural cells and enhancement of appropriate synaptic connections. 
Exercise has been shown to facilitate long-term potentiation (i.e., increased neuron 
response which is crucial to learning) (Patten et al., 2013), up-regulate proteins 
involved in neural plasticity (Ding, Vaynman, Souda et al., 2006), up-regulate genes 
associated with synaptic plasticity (Huttenrauch et al., 2016), increase dendrite 
length, dendrite complexity, and dendrite spine density in the dentate gyrus of the 
hippocampus (Eadie et al., 2005), and to up-regulate genes coding N-methyl-D-
aspartate receptors, which are important for synapse strengthening and learning 
(Molteni et al., 2002).  
One important mediator between exercise and the enhancement in LTP and the 
VWUHQJWKHQLQJRIV\QDSVHVLV%'1)9D\QPDQHWDO3$ZDV¿UVWIRXQGWR
increase the levels of BDNF in rats’ brains in 1996 (Neeper et al., 1996), and only 
much later to be associated with peripheral BDNF levels in humans (Huang, T. et 
al., 2014). Some obscurities, however, are associated with the issue. Although, the 
peripheral levels of BDNF have been elevated in experimental studies following acute 
or chronic exercise, a contrary relationship has been found in observational studies: 
KDELWXDO3$DORQJZLWKFDUGLRUHVSLUDWRU\¿WQHVVZDVDVVRFLDWHGZLWKGHFUHDVHG
levels of peripheral BDNF (Huang, T. et al., 2014). Despite the plethora of studies 
showing an association between exercise and higher peripheral BDNF levels (Huang, 
7HWDO&RHOKRHWDO*ULɤQHWDODQGPRUHVWXGLHVVKRZLQJDQ
association between low peripheral BDNF levels and lower cognition (Leckie et al., 
2014) or dementia (Weinstein et al., 2014) and even depression (Molendijk et al., 
2014), schizophrenia (Fernandes, B. S. et al., 2015) and autism (Hashimoto et al., 
LWLVVWLOOXQFOHDUKRZZHOOWKHSHULSKHUDOOHYHOVRI%'1)DFWXDOO\UHÀHFWWKH
brain levels of BDNF. Two hypotheses have been proposed regarding where serum 
BDNF originates from: mainly from the brain (Krabbe et al., 2007, Rasmussen et 
al., 2009) or mainly from platelets and megakaryocytes (Fujimura et al., 2002). 
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According to a recent synopsis on the peripheral levels of BDNF from a Finnish study 
JURXSVWXG\LQJGHSUHVVLRQWKHFKDQJHVLQVHUXP%'1)¿UVWDQGIRUHPRVWUHÀHFW
altered release from the platelets (Castren et al., 2017). However, they speculate 
that because there are similarities in the BDNF synthesis in megakaryocytes and 
neurons, there might also be parallels between brain and serum BDNF content and 
UHOHDVH7KH\DOVRSRLQWRXWWKHGLɤFXOWLHVLQVWXG\LQJWKLV¿HOGWKHKXPDQEUDLQ
levels of BDNF are out of reach while, for example, mice express barely detectable 
levels of BDNF in megakaryocytes making it impossible to compare the mechanisms 
and sources of blood BDNF in humans and in mice. 
In animal models, PA has also been associated with increases in other neuronal 
growth factors: nerve growth factor (Ang et al., 2003, Neeper et al., 1996), insulin-
like growth factor I (IGF-1) (Ding, Vaynman, Akhavan et al., 2006, Llorens-Martin 
et al., 2010), and vascular endothelial derived growth factor (Schobersberger et al., 
2000, Llorens-Martin et al., 2008). These neurotrophins (BDNF, IGF-1, VEGF) 
have been thought to be essentially implicated in synaptogenesis and angiogenesis 
in the brain. 
Aerobic exercise has been shown to increase vasculature in the rat brain, 
particularly in the hippocampus (Lopez-Lopez et al., 2004). The longevity and the 
regional selection of the changes remain uncertain (Van der Borght et al., 2009), as 
ZHOOWKHH[DFWDJHGHSHQGHQF\RIWKHHɣHFWYDQ3UDDJHWDO$QJLRJHQHVLV
DQGLQFUHDVHGYDVFXODWXUHLQWKHEUDLQIDFLOLWDWHVDQGHQDEOHVDPRUHHɤFLHQWR[\JHQ
JOXFRVHDQGQHXURWURSKLFIDFWRUVXSSO\WRWKHEUDLQ,QKXPDQVWKHHɣHFWRIH[HUFLVH
RQFHUHEUDOEORRGÀRZKDVEHHQH[DPLQHGZLWK133Xe-tracers (Rogers et al., 1990), 
ultrasound (Ainslie et al., 2008), PET and MRI measuring either cerebral blood 
ÀRZ3HUHLUDHWDO&KDSPDQHWDO7DUXPLHWDO0DDVVHWDO
2015, Brown, A. D. et al., 2010, Hiura et al., 2014, Hiura et al., 2018b, Hiura et 
al., 2018a) or vasculature with MR angiography (Bullitt et al., 2009). With these 
techniques, PA has been shown to be associated with better cerebral perfusion in 
humans (Rogers et al., 1990, Ainslie et al., 2008, Tarumi et al., 2013, Pereira et 
al., 2007, Chapman et al., 2013) age-dependently (Maass et al., 2015) and with an 
increase in small-caliber vessels and lower vessel tortuosity in the human brain 
%XOOLWWHWDO+RZHYHU WKHDFXWHHɣHFWRIH[HUFLVHRQUHJLRQDOFHUHEUDO
EORRGÀRZVHHPVWREHGHSHQGHQWRQWKHH[HUFLVHSKDVHDFFRUGLQJWRUHFHQWVWXGLHV
deploying PET imaging (Hiura et al., 2014, Hiura et al., 2018b, Hiura et al., 2018a). 
In rats, exercise has even been shown to increase the rate of neurogenesis in the 
hippocampus (van Praag et al., 1999), provided that it is aerobic and sustained (Nokia 
et al., 2016). In humans, it is unclear whether adult neurogenesis is possible. There 
have been claims for (Spalding et al., 2013) and against it (Sorrells et al., 2018).
PA has been associated not only in microscale structural changes in the brain, but 
also in macroscale structure changes of the brain. Studies imply that PA increases 
JUH\PDWWHUYROXPH(ULFNVRQHWDO5RYLRHWDODQGPRUHVSHFL¿FDOO\
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the volume in the frontal lobes (Colcombe, S. J. et al., 2006) and hippocampus 
(Thomas et al., 2016, Erickson et al., 2011). According to a recent review, 82 % of 
EUDLQJUH\PDWWHUDUHDVDUHPRGL¿DEOHE\3$%DWRXOLHWDO$OWKRXJKEHLQJ
DYHU\LQVSLULQJ¿QGLQJDIHZFULWLFLVPVPXVWEHSRLQWHGRXWQRTXDOLW\DVVHVVPHQW
was included and combining all the positive associations found in various studies 
DQGQRWUHSRUWLQJWKHQHJDWLYH¿QGLQJVRUQXOO¿QGLQJVFDQDQGPRVWSUREDEO\ZLOO
lead to an overly optimistic conclusion. In young adult healthy monozygotic twins 
with similar backgrounds but discordant LTPA for the preceding three years, there 
ZHUHQRVLJQL¿FDQWGLɣHUHQFHVEHWZHHQWRWDOJUH\PDWWHUYROXPHDQGWRWDOZKLWH
matter volume, but regionally the striatum (an area involved in motor control and 
PRYHPHQWDQGSUHIURQWDOFRUWH[LQYROYHGLQH[HFXWLYHIXQFWLRQZHUHVLJQL¿FDQWO\
ODUJHULQSK\VLFDOO\DFWLYHWZLQV5RWWHQVWHLQHUHWDO7KHVH¿QGLQJVLQGLFDWH
WKDWWKH3$¶V LQÀXHQFH LQWKHEUDLQ LVVLWHDQGWDVNVSHFL¿F LQVWHDGRIEHLQJD
general cognitive booster. 
As for white matter in the brain, both cross-sectional and intervention studies 
have been published implying that PA is associated with better integrity (Gons et 
al., 2013, Voss et al., 2013) and fewer white matter lesions (Fleischman et al., 2015), 
EXWFRQÀLFWLQJHYLGHQFHDOVRH[LVWV5RYLRHWDO$UHFHQWUHYLHZFRQFOXGHV
that the area is still in its infancy and that although there seems to be a positive 
correlation between PA and increased white matter volume, better white matter 
microstructure, and fewer white matter lesions, caution is warranted due to small 
HɣHFWVL]HVDQGWKHQXPEHURIQHJDWLYH¿QGLQJV6H[WRQHWDO
3$PD\DOVREHQH¿FLDOO\ LQÀXHQFHFRJQLWLRQYLDDɣHFWLQJFDUGLRYDVFXODUULVN
factors such as obesity, hypertension, diabetes, and dyslipidemia. Better sleep 
(Dolezal et al., 2017), reduced stress (Atlantis et al., 2004), the joys of social 
interaction (Vancampfort et al., 2017), augmented mood (Peluso et al., 2005), and 
decreased incidence of dementia (Waller et al., 2016) may also work as vectors 
FRQYH\LQJDWOHDVWLQSDUWWKHEHQH¿FLDOHɣHFWVRI3$
/RZJUDGH LQÀDPPDWLRQ PHDVXUHG ZLWK KLJKVHQVLWLYLW\ &53 &UHDFWLYH
protein) has been linked to dementia: both VaD and AD (Schmidt et al., 2002). 
3$KDVEHHQVKRZQWRUHGXFHWKHSHULSKHUDOOHYHOVRISURLQÀDPPDWRU\F\WRNLQHV
LQKXPDQV1DVFLPHQWRHWDODQGWRUHGXFHWKHOHYHOVRISURLQÀDPPDWRU\
F\WRNLQHV,/ǃDQGWXPRUQHFURVLVIDFWRUDOSKD71)ĮVSHFL¿FDOO\LQWKHPRXVH
hippocampus (Nichol et al., 2008). Free radicals can cause oxidative damage in the 
FHOOE\DɣHFWLQJSURWHLQVUHFHSWRUVDQGHYHQIDFWRUVUHJXODWLQJJHQHH[SUHVVLRQ
5HJXODUPRGHUDWHH[HUFLVH LQGXFHVDGDSWLYHFKDQJHVWREXɣHUDJDLQVWR[LGDWLYH
stress both in the blood (Robertson et al., 1991) and in the (rat) brain (Radak et al., 
3$PD\DOVRLQÀXHQFHWKHJXWPLFURELRPHRIWKHKRVW&RGHOODHWDO
and since gut microbiome is associated with dementia among other things (Vogt 
et al., 2017), this is one possible mechanism for how PA might provide protection 
against dementia. 
56
Review of the Literature
,QDQLPDOPRGHOV H[HUFLVHGLUHFWO\ UHGXFHVFHUHEUDO$ǃ OHYHOVDQGDP\ORLG
deposition (Adlard et al., 2005, Ambree et al., 2006, Lazarov et al., 2005), even in 
advanced stages of AD (Herring et al., 2016).  While exercise in young rodents targets 
SULPDULO\DP\ORLGRJHQLF$33SURFHVVLQJDQG$ǃGHJUDGDWLRQORQJWHUPUXQQLQJLQ
ROGHUPLFHZLWKDGYDQFHGVWDJHVRI$'DɣHFWV$ǃFOHDUDQFHDFURVVWKHEORRG±EUDLQ
EDUULHUDXWRSKDJ\PDFKLQHU\DQGDQWLLQÀDPPDWRU\SURFHVVHVFRXSOHGZLWKDQWL
R[LGDWLYHHɣHFWV+HUULQJHWDO7KHUHGXFWLRQLQFHUHEUDODP\ORLGSODTXH
formation induced by exercise seems dose-dependent in mice (Moore et al., 2016, 
Herring et al., 2016). In humans, positron-emission imaging and the measurement 
RI$ǃ42 DQGWDXIURPFHUHEUDOVSLQDOÀXLGKDVHQDEOHGWKHLQYLYRH[DPLQDWLRQRI
cerebral amyloid accumulation or estimation of the amount of AD pathology. The 
inspiring results from animal studies that PA reduces cerebral amyloid deposition 
have not been replicated directly in humans. In humans, PA has been associated 
with lower amyloid burden in two studies (Liang et al., 2010, Müller et al., 2018), 
has not been associated with amyloid burden in two studies (Vemuri et al., 2016, 
Souto Barreto et al., 2015), has been associated with decreased amyloid burden 
RQO\LQWKHVXEJURXSRI$32(İFDUULHUVEXWQRWQRQFDUULHUV%URZQ%0HWDO
2013, Head et al., 2012) and has been associated with decreased amyloid burden 
only in the subgroup of those already accumulating AD pathology among carriers of 
the autosomal dominant AD mutation (Brown, B. M. et al., 2017). In other words, 
FRQÀLFWEHWZHHQUHVXOWVSUHYDLOV
While genes in the deoxyribonucleic acid (DNA) code for the phenotypic traits in 
OLYLQJFUHDWXUHVWKHHQYLURQPHQWFDQDɣHFWRUPRGXODWHWKHJHQHH[SUHVVLRQZLWK
HSLJHQHWLFFKDQJHV(SLJHQHWLFFKDQJHVDUHPRGL¿FDWLRQVLQWKHFKURPDWLQVWUXFWXUH
RI'1$PHDQLQJWKDW'1$LVZUDSSHGXSGLɣHUHQWO\DɣHFWLQJ'1$H[SUHVVLRQ
Accumulating evidence shows that exercise has a remarkable capacity to alter and 
regulate synaptic and cognitive plasticity through such epigenetic mechanisms as 
KLVWRQHPRGL¿FDWLRQRU'1$PHWK\ODWLRQ)HUQDQGHV-HWDO
It has been suggested that exercise also builds up cognitive reserve. Indeed, many 
studies show that PA in young age is associated with better academic performance 
(Singh et al., 2012, Haapala et al., 2017a, Haapala et al., 2018) and with better 
H[HFXWLYHIXQFWLRQ9HUEXUJKHWDO%XLOGLQJXSDKLJKIXQFWLRQLQJHɤFLHQW
DQGUHVLOLHQWEUDLQDW\RXQJDJHFRXOGWKXVEXɣHUDJDLQVWQHXURSDWKRORJ\LQROG
DJH7KH¿HOGLVKRZHYHUVWLOOFRQWURYHUVLDO$UHFHQWV\VWHPDWLFUHYLHZDQGPHWD
analysis concluded that the evidence for a positive association between childhood 
PA and better academic performance and cognitive function is limited and equivocal 
(Li, J. W. et al., 2017), and the direction of the causality could also be the opposite 
(Aaltonen et al., 2016). 
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2.4 TWIN STUDIES
2.4.1 DNA AND GENETIC SELECTION
In the cell nucleus, the code for living is preserved in a structure called chromatin, 
encompassing the DNA sequence (the actual code) and proteins compressing DNA 
in a tight space and regulating its expression. Only four bases in DNA code the 
YDVWLQIRUPDWLRQIRUGLɣHUHQWKXPDQWUDLWVDQGWKHIXQFWLRQRISURWHLQVDQGFHOOV
Additionally, genetically inherited diseases or risk genes with low penetrance are 
encoded in the DNA. The genome, thus, carries a huge amount of information. When 
GRLQJUHVHDUFKRQYDULRXVHQYLURQPHQWDOIDFWRUVWKHHɣHFWRIJHQHWLFVHOHFWLRQKDVWR
be considered. In successful double-blinded randomized trials, little genetic selection 
can be presumed. The problem in randomized trials is, however, that their duration 
is quite limited and long-lasting environmental exposures or lifestyle choices are 
GLɤFXOWWRVWXG\,QFRKRUWVWXGLHVWKHHɣHFWRIJHQHWLFRURWKHUVHOHFWLRQLVDOZD\V
an issue. If a cohort is cut in half according to one trait or lifestyle choice and its 
HɣHFWRQWKHRXWFRPHLVVWXGLHGLWLVDOZD\VFUXFLDOWRH[DPLQHZKDWRWKHUWUDLWV
or lifestyle choices are present in the other half. Even if other lifestyle choices are 
carefully taken into account, genetic selection can still be hidden in the association.
2.4.2 CLASSICAL TWIN DESIGN
$WZLQVWXG\LVDXQLTXHRSSRUWXQLW\WRVWXG\FDXVHDQGHɣHFWUHODWLRQVKLSVE\
taking the genome and early environmental exposures into account. Monozygotic 
twins (MZ) share their full DNA sequence including all segregating genes, while 
dizygotic twins (DZ) share on average half of their segregating genes. Variances in 
MZ and DZ twins enable the study of environmental and genetic contributions to 
LQGLYLGXDOGLɣHUHQFHVRIGLɣHUHQWWUDLWVDQGGLVHDVHV3ROGHUPDQHWDO,I
MZ twins are more similar than DZ twins with respect to some phenotypic trait, it 
LVDQLQGLFDWLRQWKDWJHQHWLFLQÀXHQFHVDɣHFWWKHSKHQRW\SHRIWKDWWUDLW1HDOHHW
al., 1992). The classical twin study compares the phenotypic resemblance of MZ and 
DZ twins (van Dongen et al., 2012). The sources of variation in individual traits are 
FRQWULEXWHGE\DGGLWLYHJHQHWLFLQÀXHQFHVQRQDGGLWLYHJHQHWLFLQÀXHQFHVVKDUHG
environmental factors, and unique environmental factors (Rijsdijk et al., 2002). 
The correlations between MZ and DZ twins are used to quantify the heritability of 
DWUDLWDQGWKHHɣHFWWKHVKDUHGHQYLURQPHQWDOIDFWRUVKDYHRQDWUDLW7KLVDUHDRI
research is called quantitative genetics. 
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2.4.3 CO-TWIN CONTROL STUDIES
An ideal setting for an intervention study is a case-control study with MZ twins 
(Gesell, 1942). MZ twins’ genomes are identical and their childhood environment is 
nearly exactly the same, thus, these confounding factors are automatically controlled 
for (Boomsma, D. et al., 2002). Another type of co-twin study is observational co-twin 
studies in which MZ twins sharing all of their genes and very similar environmental 
EDFNJURXQGVDUHVWXGLHGREVHUYDWLRQDOO\UHJDUGLQJRQHVSHFL¿FGLVFRUGDQWEHKDYLRU
for example LTPA (Kujala et al., 2002). These kinds of studies are valuable because 
they provide valuable information that controls for genetic factors. 
2.4.4 THE ASSUMPTIONS OF TWIN STUDIES
When performing quantitative genetics, certain assumptions are made (see Table 
5) (Silventoinen et al., 2008). These same assumptions are also relevant for co-twin 
control studies, but since co-twin control studies aim to distinguish solely the rough 
H[LVWHQFHRIJHQHWLFLQÀXHQFHVLQWKHEDFNJURXQGRIDWUDLWVPDOOYLRODWLRQVRIWKHVH
assumptions hardly undermine the basic principle of these studies. In quantitative 
JHQHWLFVVSHFL¿FQXPHULFFRQWULEXWLRQVRIJHQHWLFHɣHFWVVKDUHGHQYLURQPHQWDO
HɣHFWVDQGXQLTXHHQYLURQPHQWDOHɣHFWVDUHSXUVXHGDQGWKXVYLRODWLRQVRIWKHVH
DVVXPSWLRQVDUHPRUHLQÀXHQWLDO
Table 5 The assumptions of twin studies*
1. Absence of assortative mating 
2. Absence or minimal effect of gene–environment interaction meaning that exposure to different 
environments is not random, but an individual with a certain genotype is more prone to end 
up in certain environments or experience certain kinds of life experiences. It can also be passive 
via their parents’ biology offering certain kinds of environments with greater probability. It can 
also mean that individuals with certain genotypes are more vulnerable to certain environmental 
effects than others (Figure 6). 
3. Generalizability of twins to the general population. This denotes that twins are not signiﬁcantly 
different from singletons for the trait being studied. 
4. Equal environments assumption assumes that MZ and DZ twins and co-twins are equally 
correlated in their exposure to environmental factors. 
* The information in the box is based on the article by Silventoinen et al. (2008)
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Figure 6 The absence and presence of gene–environment interaction. Reproduced with permission 
from Gorwood P, Wohl M, Le Strat Y, Rouillon F. Gene–environment interactions in addictive disorders: 
epidemiological and methodological aspects. C R Biol. 2007;330(4):329-38. Copyright ©2018, published 
by Elsevier Masson SAS. All rights reserved. 
Assortative mating has been proven to occur for traits such as height, BMI 
(Silventoinen et al., 2003) and intelligence (Escorial et al., 2012). However, Aarnio 
et al. (1997) showed in the Finnish population that regarding LTPA, the assumption 
of random mating holds (Aarnio et al., 1997). Gene–environment interaction is 
VKRZQWRRFFXUIRUH[DPSOHLQ'XWFKWZLQVXSEULQJLQJUHGXFHGJHQHWLFLQÀXHQFHV
on disinhibition (Boomsma, D. I. et al., 1999). The equal environments assumption 
has been criticized (Guo, 2001) due to parents treating MZ twins more similarly 
than DZ twins, but it can contradicted by claiming that this is due to the similarity 
of MZ twins (Silventoinen et al., 2008). The generalizability assumption is quite 
well achieved because despite being born prematurely more often and weighing less 
than singletons (Martin et al., 2003, MacGillivray et al., 1988), twins are proven to 
have similar mortality as the general population (Christensen et al., 1995, Kaprio, 
2013) and the same prevalence of most diseases as singletons (Kyvik, 2000), and 
WKH\DUHVKRZQQRWWRGLɣHUIURPVLQJOHWRQVUHJDUGLQJSHUVRQDOLW\WUDLWVRIEHKDYLRU
(Johnson, W. et al., 2002, Pulkkinen et al., 2003). However, low birth weight 
may convey an increased risk for cognitive decline (Mosing et al., 2018). In fact, 
LQWUDXWHULQHFRQGLWLRQV OLNHPDWHUQDOQXWULWLRQVWUHVVSDULW\DQGVL]HDɣHFWWKH
RɣVSULQJ¶VSKHQRW\SHDQGHSLJHQHWLFVWDWHWKHPHWDEROLFSDWKWRIXWXUHRXWFRPHV
may already be programmed, to some extent, during the fetal period (Gluckman 
et al., 2011) or early developmental stages (Lahiri et al., 2009).
In conclusion, assortative mating, a possible increased risk for cognitive decline 
due to lower birth weight and the possibility of gene–environment interaction have 
to be taken into account in the interpretation of twin studies on PA and cognition 
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DQGGHPHQWLD%XWDJDLQWKHHɣHFWRIORZHUELUWKZHLJKWDQGVPDOOYLRODWLRQVLQWKH
DVVXPSWLRQVRIDEVHQWDVVRUWDWLYHPDWLQJDQGDEVHQWRUPLQLPDOHɣHFWRIJHQH±
HQYLURQPHQWLQWHUDFWLRQVLVVPDOOLQWKHFRWZLQFRQWUROGHVLJQDQGPRUHLQÀXHQWLDO
in quantitative genetics. 
2.5 SUMMARY OF THE LITERATURE REVIEW
Numerous studies on the association of PA and cognition or dementia have been 
SXEOLVKHG7KHPDMRULW\RI WKHPKDYH IRXQGD VLJQL¿FDQWQHJDWLYHDVVRFLDWLRQ
between PA and cognition or dementia. Most of them have also been of short 
duration with only a few years of follow-ups and implemented in aged cohorts. 
Because the preclinical phase of dementia is most probably decades (Bateman et 
al., 2012, Fagan et al., 2014), short follow-ups and implementation in aged cohorts 
makes these studies liable for reverse causation. There is a lack of high-quality 
studies starting in midlife with over 10 years follow-up. The high-quality studies 
RIWKHDVVRFLDWLRQRI3$DQGFRJQLWLRQKDYHXQLIRUPO\VKRZQDVLJQL¿FDQWSRVLWLYH
association between PA and cognition (Chang, M. et al., 2010, Elwood et al., 2013, 
Singh-Manoux et al., 2005, Virta et al., 2013a), but whether the association is the 
HɣHFWRIORZHU%0,LQVWHDGRI3$LVXQFOHDUEDVHGRQWKHVHVWXGLHVRQO\&KDQJ
et al. (2010) adjusted their results for BMI). The high-quality studies of PA and 
GHPHQWLDDUHPRUHFRQWURYHUVLDOLQVKRZLQJDVLJQL¿FDQWLQYHUVHDVVRFLDWLRQ$QGHO
HWDO*HOEHUHWDO5RYLRHWDOQR VLJQL¿FDQWDVVRFLDWLRQ
0RUJDQHWDORUDVLJQL¿FDQWDVVRFLDWLRQRQO\ LQPHQ7ROSSDQHQHWDO
2015) or only for moderate but not high amounts of PA (Chang, M. et al., 2010). 
All of these prospective studies except for Gelber et al. (2012) adjusted their results 
IRU%0,KHQFH LWVHHPVOLNHO\WKDW%0,GRHVQRWPHGLDWHWKH¿QGLQJV5REXVW
RTCs with considerable sample sizes and long interventions are scarce (Smith 
et al., 2010), and the largest RCT thus far, to my knowledge, did not show any 
VLJQL¿FDQWGLɣHUHQFHLQFRJQLWLYHIXQFWLRQEHWZHHQWKH3$JURXSDQGFRQWUROJURXS
that received health education (Sink et al., 2015). A recent thesis study showed 
that cognition and mobility are closely related across the life course, and in old 
age, executive function predicts mobility better than mobility predicts executive 
function in 2-year follow-up (Poranen-Clark, 2018). This thesis study highlights 
the important issue: In young age, adulthood and old age, is PA the consequence 
of higher general cognitive abilities or does PA independently preserve cognition 
DQGSUHYHQWGHPHQWLD"2ULVJHQHWLFSOHLRWURS\LHRQHJHQHDɣHFWLQJWZRRUPRUH
seemingly unrelated phenotypic traits) an important common denominator behind 
the association of PA and cognition?
Indeed, because the heritabilities for LTPA (48–71%) (Stubbe et al., 2006), 
all-cause dementia (43%) (Gatz et al., 1997) and general cognitive abilities (50%) 
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(Haworth et al., 2009) have been estimated to be considerable, it is important to 
study whether genetics account to some or a great extent for the possible association 
between PA and cognition or dementia. So far, few twin studies have been published 
DQGLQWKHVHWZLQVWXGLHVQRVLJQL¿FDQWDVVRFLDWLRQVEHWZHHQ3$DQGFRJQLWLRQRU
dementia were found in the pairwise analyses comparing the twins against their 
co-twins (Andel et al., 2008, Carlson et al., 2008, Virta et al., 2013a). 
The majority of the studies assessing the association of PA and cognition or 
dementia have used questionnaires or interviews to assess PA levels. There is also 
a lack of studies assessing the relationship of PA and cognition with an objective 
measure of PA. In addition, studies assessing the association of SB and cognition 
are a rarity. 
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3 THE AIMS OF THE STUDY
The objective of this thesis was to investigate whether PA is associated with decreased 
dementia mortality and decreased incidence of cognitive decline, and whether the 
possible association is explained by genetic factors. Additionally, this thesis aimed to 
study the relationship between objectively measured late-life PA and late-cognition 
and whether the possible association is also detected when the results control for 
JHQHWLFVDQGFKLOGKRRGVKDUHGHQYLURQPHQW7KHVSHFL¿FVWXG\DLPVZHUHWRDVVHVV
whether:  
1. midlife LTPA is associated with late-life dementia mortality. (Study I)
2. midlife LTPA is associated with late-life cognition. (Study II)
3. objectively measured late-life PA and sedentary time is associated with late-life 
cognition. (Study III)
4. genetic selection and childhood shared environment explain the possible 
associations observed. (Study I, II, III)
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4 PARTICIPANTS AND METHODS
4.1 STUDY DESIGN AND PARTICIPANTS
The Finnish Twin Cohort was established in 1975 (Kaprio et al., 1978b). It is a 
longitudinal twin study and comprises all same-sex twins born before 1958 and 
with both co-twins alive in 1967 (Kaprio et al., 2002). The twins were selected from 
the Central Population Registry of Finland in 1974 and zygosity was determined 
by a validated questionnaire method inquiring about the similarity of childhood 
appearances and about strangers confusing the twins in childhood (Sarna et al., 
1978). Later on, DNA samples have been used to verify zygosity and in Study II, 
WKH]\JRVLW\KDVEHHQFRQ¿UPHGWREHWKHVDPHDVZLWKWKHTXHVWLRQQDLUHPHWKRG
in 98.4% and in Study III, for 99.3% of all twin individuals (when MZ and DZ 
zygosity has been taken into account, but not changes from the original group of 
unknown zygosity to MZ or DZ zygosity). 
Four waves of data collection have been conducted. The surveys have included 
a comprehensive series of questions relating to health, lifestyle, and occupation 
and were administered in 1975, 1981, 1990, and 2011. The response rates for the 
surveys have been 89% in 1975, 84% in 1981, 77% in 1990, and 72% in 2011 (Kaprio 
et al., 1988, Piirtola et al., 2017, Kaprio, 2013). The rate of DZ twinning was high in 
)LQODQGEHIRUHWKHVDQGLVUHÀHFWHGLQWKH)LQQLVK7ZLQ&RKRUWLQWKHWZRIROG
ratio of DZ:MZ twins (Rose et al., 1988). The Finnish Twin Cohort Study can be 
considered a good representation of the Finnish population because it comprises 
a very large population sample of Finnish twins, the response rates have been 
high in the conducted surveys, and, furthermore, mortality (Kaprio, 2013), cancer 
(Verkasalo et al., 1999), and the incidence rate of type 1 diabetes (Hyttinen et al., 
2003) have been shown to be consistent with those in the general Finnish population. 
In 1996, the Finnish Twin Cohort Study was expanded to also include opposite-sex 
twins born in 1938–1949 (Kaprio et al., 2002). 
In Study I, all twin individuals who had answered questionnaires from 1975 and 
1981 adequately to be able to calculate a MET score were followed for dementia 
PRUWDOLW\VHHVWXG\ÀRZLQ)LJXUH2WKHUUHDVRQVIRUWHUPLQDWLRQRIWKHIROORZXS
were death for another reason, moving abroad, or the end of the follow-up period 
in the end of the year 2011. There were altogether 21,791 twin individuals who had 
answered the questionnaires adequately. Of these 21,791 persons, 267 had moved or 
died before their questionnaire answers were transferred into the data. Thus, there 
were altogether 21,524 persons in the follow-up. The number of twin individuals 
for whom information on all the covariates was also available was 20,404 (8988 
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pairs, 6455 MZ individuals, 13,765 DZ individuals, and 193 twin individuals with 
uncertain zygosity). 
All twins aged at least 65 years have been invited to participate in health and 
FRJQLWLRQLQWHUYLHZVVHHVWXG\ÀRZLQ)LJXUH,Q±0=WZLQVERUQ
in 1937 or earlier and with both co-twins alive were interviewed. In 2003–2007, 
DZ twins and twins of unknown zygosity born in 1937 or earlier were interviewed. 
Twins born in 1938–1944 were interviewed in 2014–2016. In Study II, the twins 
who had been interviewed and whose interview results had been entered into the 
data by 12 November 2015 were included in the study. The number of these twin 
individuals was 3050 (994 full twin pairs; 405 MZ, 570 DZ, and 19 pairs of unknown 
zygosity). The number of twins with full data on all the covariates was 2927 twin 
individuals. The participation rate in this study was 78% among those still alive 
and with an address in Finland. 
MOBILETWIN is an ancillary study to the older Finnish Twin Cohort Study. For 
this ancillary study, twins born in 1940–1944 were selected. There were altogether 
3186 twin individuals who belonged to these birth cohorts and had answered at 
least one of the questionnaires from 1975 and 1981. Other criteria for the invitation 
were that both members of the twin pair were alive and had a functional address 
in Finland. Of this cohort, 145 were excluded due to earlier participation in mental 
disorder studies (schizophrenia and bipolar disorder). There were altogether 1632 
WZLQLQGLYLGXDOVZKR¿WWKHVHFULWHULDDQGKDGQRWSDUWLFLSDWHGLQWKHPHQWDOGLVRUGHU
studies. 1012 (61.9%) twin individuals participated in the health and cognition 
interview. All twins who participated in the health and cognition interviews were 
RɣHUHGWKHSRVVLELOLW\WRSDUWLFLSDWHLQRQHZHHNREMHFWLYH3$DQG6%PRQLWRULQJ
with an accelerometer. In conjunction with the accelerometer monitoring, a 
questionnaire on physical functioning and mobility was administered. 791 twin 
LQGLYLGXDOV¿QLVKHGWKHDFFHOHURPHWHUPRQLWRULQJRIWKRVHDOLYHDQGZLWKDQ
address in Finland) and 817 twin individuals completed the physical functioning 
and mobility questionnaire. The number of twin individuals who completed all 
three parts (health and cognition interview, accelerometer monitoring, and physical 
IXQFWLRQLQJDQGPRELOLW\TXHVWLRQQDLUHZDV7KH¿QDODQDO\VHVRI6WXG\,,,
comprised of 726 twin individuals who also had full information on the covariates 
used. Most of the twins who participated were community-dwelling (opposed to 
living in an institution). 
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Figure 7. Study ﬂow
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Alive in 1967 (N=43 228) 
Questionnaire 
in 1975 
Questionnaire 
in 1981 
Exclusions and losses to follow-up 
(n=16 666) 
% deceased (1901) 
% failed to respond (7249) 
% lost address (2848) 
% excluded because not 
biological twin (4583) 
% declined (70) 
% other reasons (15) 
Exclusions and losses to follow-up (n= 8878) 
% deceased (170) 
% failed to respond (4659) 
% lost address (1184) 
% excluded because not biological twin (28) 
% declined (1501) 
% other reasons (1 336) 
21 524 twin individuals with answers to PA questions in both 1975 and 1981 
% 11 060 born in 1945 or later 
% 4144 deceased   
% 276 un-contactable 
% 841 declined, or the spouse or guardian of the cohort 
member declined 
% 22 failed to finish the cognition interviews 
% 8 excluded because of contradictory data (mistake 
suspected) 
% 2390 excluded for other reasons (mainly because 
interview not yet conducted) 
3050 twin individuals with complete data on PA from both 
questionnaires and cognition interviews completed by 12 
November 2015 (994 twin pairs) 
Alive in 1981 (N=33 532) 
Insufficient data on PA in either or both questionnaires (n = 
2863) 
 65-year-old members of the Older Finnish Twin Cohort 
(born in 1937–1944 or earlier) were invited to participate in 
cognition interviews 
% both co-twins alive with known address in Finland 
% has not participated in selected earlier studies 
implemented  
Same-sex twins born in Finland before 1958 
1632 twins invited to cognition study (816 pairs) 
 Both co-twins alive with known address in 
Finland 
 Has not participated in selected earlier 
studies implemented in the cohort   
1012 twin individuals participated in the cognition interviews (61.9%) 
444 declined 
140 un-contactable 
12 were not able to participate in the cognition interview or the spouse or 
the guardian of the cohort member declined 
18 deceased 
6 other reasons 
One-week accelerometer monitoring and PA questionnaire (for all those 
who participated in the cognition interviews):  
% 785 individuals have participated in all three parts (cognition interview, 
activity questionnaire, and accelerometer studies) (including 281 
complete pairs) 
% 726 individuals with information on all of the covariates (including 235 
complete pairs) 
% 127 did not want to participate in the accelerometer 
monitoring 
% 100 with unsuccessful accelerometer data 
% 6 individuals did not finish cognition interview but 
participated in the accelerometer monitoring 
Twins born in 1940–1944 who have filled in health questionnaires in 1975 or 1981 and possibly in 1990 (N= 3186) 
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4.2 MEASURES
4.2.1 PHYSICAL ACTIVITY
In Studies I and II, information on PA was derived from the questionnaires from 1975 
and 1981. Both the intensity of PA and the volume of PA were assessed. Information 
on the intensity of PA was derived from the following question: 
Is your physical activity during leisure-time about as strenuous on average as:
1) walking
2) alternately walking and jogging
3) jogging
4) running
9LJRURXV3$ZDVGH¿QHGDVFKRRVLQJRQHRIWKHRSWLRQV±.XMDODHWDO
Information on the volume of PA was based on the following questions: 
How long does the physical activity last at one session on average:
a) less than 15 minutes (class midpoint 7.5 min)
b) 15 min – less than 30 min (22.5 min)
c) 30 min – less than 1 hour (45 min)
d) 1 hour – less than 2 hours (90 min)
e) over two hours (120 min)
Presently how many times per month do you engage in physical activity during
your leisure time:
a) less than once a month (class midpoint 0.5)
b) 1-2 times per month (1.5)
c) 3-5 times per month (4)
d) 6-10 times per month (8)
e) 11-19 times per month (15)
f) more than 20 times per month (20)
For the intensity of a session, the same question was used as for vigorous activity,
but the following MET values were included for the choices:
a) walking (corresponding to 4 METs)
b) alternately walking and jogging (6 METs)
c) jogging (10 METs)
d) running (13 METs)
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How much of your daily journey to work is spent in walking, cycling, running
and/or cross-country skiing?
a) less than 15 min (class midpoint 7 min)
b) 15 min – less than a half an hour (22 min)
c) half an hour to less than an hour (45 min)
d) an hour or more (75 min)
e) I am presently not at work (0 min)
On the basis of these questions, the MET (metabolic equivalent that is a multiple 
of metabolic resting energy expenditure) score was calculated using the following 
formula: frequency x duration x intensity. The MET score was calculated for both 
LTPA and for PA during work journeys using the class midpoints, and these were 
subsequently added together (Kujala et al., 1998). The MET value 4 corresponding 
to walking was used in the calculation for PA during work journeys. Practically 
expressed, 1 MET h/day corresponds to 30 minutes of slow walking every other 
day. The MET score has been validated in the older cohort of the Finnish Twin 
Cohort Study (Waller et al., 2008). 
 7RUHÀHFWWKHORQJWHUPOHYHORI3$.XMDODHWDOFRPSRXQGYDULDEOHV
combining the PA level from both questionnaires were created and used in 
the analyses. For the intensity of PA, three categories were created: 
2. No vigorous PA in either of the years 1975 or 1981 (inactive according to 
long-term vigorous physical activity, i.e., VLinactive)
3. Vigorous PA in both years 1975 and 1981 (active according to long-term 
vigorous physical activity, i.e., VLactive)
Change (from no vigorous PA in 1975 to vigorous PA in 1981 or from vigorous 
PA in 1975 to no vigorous PA in 1981, change in long-term vigorous activity, i.e., 
VLchange)
The participants who dropped out of vigorous PA and who picked up vigorous 
PA between the years 1975 and 1981 were integrated to reach greater statistical 
SRZHUEHFDXVHQRGLɣHUHQFHEHWZHHQWKHVHJURXSVLQSUHOLPLQDU\DQDO\VHVZDVVHHQ
 )RUWKHORQJWHUPYROXPHRI3$WZRGLɣHUHQWFRPSRXQGYDULDEOHVZHUH
created. First, the mean MET score from the questionnaires from 1975 
and 1981 was calculated. Second, a compound variable to discern the most 
inactive individuals was created. The categorization was the following:
2. The participants who belonged to the most inactive MET quintile (I) in both 
years 1975 and 1981 (inactive according to long-term quantitative physical 
activity, i.e., QLinactive)
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3. The participants who belonged to other quintiles (II–V) than the most 
inactive quintile (I) in both years 1975 and 1981 (active according to long-
term quantitative physical activity, i.e., QLactive)
Change (from the most inactive quintile (I) in 1975 to other quintile (II–V) in 1981 
or from an active quintile (II–V) in 1975 to the most inactive quintile (I) in 1981, 
change in long-term quantitative activity, i.e., QLchange)
In Study III, accelerometers were used in evaluating PA levels. The accelerometer 
type was the hip-worn Hookie AM20 (Traxmeet Ltd, Espoo) that uses a light digital 
triaxial acceleration sensor (ADXL345; Analog Services, Norwood, MA, USA). The 
device stored the raw acceleration signals with 100 Hz sampling frequency. The 
raw acceleration data was turned into the mean amplitude deviation (MAD) values 
independent of accelerometer brand (Vähä-Ypyä et al., 2015a). The MAD value 
describes the resultant acceleration during a 6-second (s) epoch. The MAD values 
are strongly correlated with oxygen consumption (VO2) (Vähä-Ypyä et al., 2015b) 
and can be converted into MET values. The posture in stationary activities was 
determined using the angle for posture estimation (APE) (Vähä-Ypyä et al., 2018). 
The participants were instructed to wear the accelerometer during all waking 
hours but to remove the device when entering a sauna, shower, or swimming pool. 
The participant’s recording was included when it had at least 10 hours of data from 
at least 4 days. Time periods over 30 minutes without any acceleration signal have 
been interpreted as “non-wearing time”. On average, the accelerometer monitoring 
was done 3.5 weeks (standard deviation (SD) 5.5) after the cognition interviews. 
The dimensions of PA and SB examined in this study were: SB including sitting 
and lying but not standing (SB), LPA (1.5–3 METs), MVPA (over 3 METs), daily 
step count, and the mean daily MET. The mean daily MET is the average MET of 
all waking hours. 
4.2.2 DEMENTIA MORTALITY AND COGNITION
Dementia mortality was followed for those participants who had answered both the 
questionnaire in 1975 and in 1981, providing the required information to calculate 
the MET score. The follow-up period ranged from 1981 to the end of the year 
2011. The causes of death and exact dates of death and emigration were acquired 
IURPWKH&DXVHRI'HDWK5HJLVWHU'HPHQWLDPRUWDOLW\ZDVGH¿QHGDFFRUGLQJWR
WKHFRQWHPSRUDU\,&'FODVVL¿FDWLRQ7KHIROORZLQJFDWHJRULHVZHUHFODVVL¿HGDV
dementia deaths: in ICD-8: category 290 (Senile and presenile organic psychotic 
conditions) and 794 (Senility without mention of psychosis); in ICD-9: category 
290 (Senile and presenile organic psychotic conditions), 3310A (Alzheimer’s 
disease), 3311A (Pick’s disease), 4378A (Multi-infarct dementia), and 797 (Senility 
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without mention of psychosis); and in ICD-10: category F01 (Vascular dementia), 
)1RQVSHFL¿FGHPHQWLD*$O]KHLPHU¶VGLVHDVH*&HUHEUDODWURSK\
including Pick’s disease), and R54 (Senility). The contributing causes of death were 
not considered. 
The telephone cognition screening included two telephone screening instruments: 
Telephone assessment of dementia (TELE) and Telephone Interview of Cognitive 
Status (TICS). The interviews were carried out by experienced trained research 
nurses and a PhD student from the Department of Public Health at the University of 
Turku. Notwithstanding the converging questions of TELE and TICS, the telephone 
cognition screening interview formed a 29-item linear variable representing global 
cognition (the total cognitive score) with higher points indicating better cognition. 
The maximum scores for TELE and TICS are 20 and 33, respectively. Higher 
SRLQWVLQGLFDWHEHWWHUFRJQLWLYHIXQFWLRQ7KHFXWRɣVFRUHVIRUFRJQLWLYHLPSDLUPHQW
ZHUHIRU7(/(DQGIRU7,&67KHFXWRɣVFRUHVIRUKHDOWK\FRJQLWLRQZHUH
>17.5 for TELE and >26.5 for TICS (Laitala et al., 2008). The intermediate scores 
16–17.5 for TELE and 22.5–26.5 for TICS and scores for those whose TELE and 
TICS scores are in disagreement were designated MCI (Vuoksimaa et al., 2016), 
although it has to be taken into account that our cognitive screening instruments 
are not validated for MCI. 
4.2.3 COVARIATES
Data on basic demographics included age (at the time of the questionnaire in 1981 
or at the time of the cognition interview), sex, and zygosity. For the vast majority, 
zygosity (MZ or DZ) had been ascertained with a validated questionnaire, but there 
were also some with unknown zygosity (incoherence in the validated questionnaire 
of zygosity). 
In Study I and II, the additional covariates used were education, BMI, heavy 
drinking, hypertension, smoking, and for Study II, also the length of follow-up. 
Excluding the length of follow-up, all of these are self-reports, mainly from the 
1981 questionnaire. Education was described in years of schooling ranging from 
3 to 16 years (Silventoinen et al., 2000) and the information was based on the 
1975 questionnaire if missing in the 1981 questionnaire. BMI was calculated from 
self-reported height and weight from the 1981 questionnaire. Heavy drinking was 
designated as consuming at least once a month and on a single occasion, more 
WKDQ¿YHEHHUVDERWWOHRIZLQHRUDKDOIERWWOHRIVSLULWV.DSULRHWDO
7KLVGH¿QLWLRQLVYHU\QHDUWKHGH¿QLWLRQIURPWKH1DWLRQDO,QVWLWXWHVRI+HDOWK
GH¿QLQJELQJHGULQNLQJDVGULQNLQJ³RUPRUHPDOHVRURUPRUHIHPDOHVGULQNV
containing any kind of alcohol within a two-hour period” (National Institutes of 
Health, 2003). Hypertension was used as a binary variable based on questionnaire 
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information on reporting “permanently elevated blood pressure and medication for 
it” and on information on hypertension mediation provided by the Social Insurance 
,QVWLWXWLRQRI)LQODQG.XMDODHWDO6PRNLQJVWDWXVZDVFODVVL¿HGIURPD
detailed smoking history questionnaire and used as a four-category variable (i.e., 
“never smoked”, “occasional smoker”, “former smoker”, “current smoker”) (Kaprio 
et al., 1988). For smoking status, also, the information on smoking was used from 
the 1975 questionnaire if it was absent in the 1981 questionnaire. In Study I, the 
length of follow-up was incorporated in the model (Cox regression analysis) and 
in Study II, it was calculated as the interval between the 1981 questionnaire and 
the cognition screening interview and used as a covariate in the regression model 
(logistic or linear regression model). 
In Study III, the covariates were age, education, accelerometer wearing time, 
BMI, and living condition. The accelerometer wearing time was used as a covariate 
when studying SB and the mean daily MET. BMI was calculated from the height 
and weight reported in the questionnaire which was sent to the participants in 
conjunction with the accelerometer. Living condition was queried in conjunction 
with the cognition screening interview. The answers were dichotomized into two 
categories “living alone” or “living with a spouse, children or grandchildren, relatives, 
siblings, or other”. 
In Studies I and II, the analyses were also done in a subgroup in which all the 
participants were healthy at baseline. These additional analyses were performed 
WRHOLPLQDWHFKURQLFGLVHDVHV¶HɣHFWRQ3$7KHPRUHGHWDLOHGGHVFULSWLRQRQWKH
exclusion for chronic diseases can be found in an earlier article from the research 
group (Kujala et al., 1998). In short, the most important chronic diseases including 
cancer, diabetes, chronic obstructive pulmonary disease, and cardiovascular 
diseases, notwithstanding hypertension or venous disease, were excluded based on 
information from the 1981 questionnaire, information on reimbursable medications 
from the Social Insurance Institution in Finland, and the data received from 
Finland’s nationwide hospital discharge register (between 1972 and 1982) and from 
the Finnish Cancer Registry (before 1983).  
4.3 ETHICS OF THE STUDY
7KHVWXG\KDVEHHQFRQGXFWHGDFFRUGLQJWRJRRGFOLQLFDODQGVFLHQWL¿FSUDFWLFHDQG
in accordance with the Declaration of Helsinki. The questionnaire studies in 1975 and 
1981 have been approved by the National Board of Health of Finland and answering 
and returning the completed questionnaire was considered as consent. During the 
course of the study, the participants have been repeatedly informed about the study 
and they have been able to withdraw from it at any time if they so wished. The Ethics 
Committee of the Hospital District of Southwest Finland has approved the cognition 
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interview study and the extension with objective PA measurements. The twins aged 
at least 65 years were sent an invitation letter inquiring about their willingness to 
participate in the health and cognition interview and/or accelerometer study. 
4.4 STATISTICAL METHODS
All analyses have been run with Stata (version 13 or 14, StataCorp LLC, College 
Station, TX, USA). 
7ZRGLɣHUHQWDQDO\VLVPHWKRGVKDYHEHHQXVHGEHWZHHQIDPLO\LHLQGLYLGXDO
level) analyses and within-family (pairwise) analyses. In between-family analyses, 
twins were treated as individuals, but because the members of a twin pair may be 
correlated, a robust cluster variance estimator was used (Williams, 2000). The 
second analysis method was within-family analyses. In these analyses, the members 
RIDWZLQSDLUZHUHFRPSDUHGZLWKHDFKRWKHU7KDWLVWRVD\WKDWLQWUDSDLUGLɣHUHQFHV
LQ3$OHYHOVZHUHUHJUHVVHGRQLQWUDSDLUGLɣHUHQFHVLQFRJQLWLRQ
In Study I, a Cox regression model was used to estimate the association between 
PA levels and dementia mortality. In the within-family model of the Cox regression 
DQDO\VLVWKHGDWDZHUHVWUDWL¿HGE\SDLUWKXVSURYLGLQJXVWKHZLWKLQSDLUHVWLPDWHV
In Study II and III, a linear regression model was used to estimate the association 
of PA levels and cognition. For between-family analyses, the robust cluster variance 
estimator was used to take into account the correlation between twin pair members. 
,QZLWKLQIDPLO\DQDO\VHVD¿[HGHɣHFWVPRGHOZDVXVHGWRLQYHVWLJDWHWKHZLWKLQ
SDLUGLɣHUHQFHV)LUVW WKHFRPPDQG³[WVHW´ZDVXVHGWRVHW6WDWDWRKDQGOHWKH
GDWDLQWZLQSDLUHQWLWLHVDQGWKHQWKH¿[HGHɣHFWVPRGHOZDVXVHGWRSURYLGHWKH
EHWDHVWLPDWHVIRUWKHZLWKLQSDLUGLɣHUHQFHV7KHFRPPDQG³GIDGM´ZDVXVHGWR
correct for the standard errors by rectifying the degrees of freedom. The results are 
JLYHQDVKD]DUGVUDWLRV+5IRUWKHUHVXOWVIURP6WXG\,DQGDVEHWDHVWLPDWHVǃ
estimates) in Studies II and III. The statistical precision is shown with 95% CIs. In 
Study II, additionally, a multinomial logistic regression model was used to study 
ORs for cognitive impairment and mild cognitive impairment. For within-family 
analyses, a conditional logistic regression model was used. Additionally, the Sidak 
PXOWLSOHFRPSDULVRQWHVWZDVXVHGWRVWXG\GLɣHUHQFHV LQ WRWDO FRJQLWLYHVFRUH
EHWZHHQGLɣHUHQWDJHJURXSVLQ6WXG\,,,Q6WXG\,,,6SHDUPDQ¶VFRUUHODWLRQZDV
used to examine the association of education and objectively measured PA level 
SRVWKRF6SHDUPDQ¶VFRUUHODWLRQZDVXVHGWRH[FOXGHWKHHɣHFWRIRXWOLHUV
The covariates were added to the model individually. Model 1 is the basic model 
adjusted for age and sex in Study I, for age, sex, and length of follow-up in study II 
and for age, sex, and accelerometer wearing time for the mean daily MET and SB 
LQ6WXG\,,,0RGHOLVWKH¿QDOPRGHOZLWKIXOODGMXVWPHQWVRIDJHVH[OHQJWKRI
education, BMI, hypertension, heavy drinking, and smoking in Study I, the same 
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adjustments plus the length of follow-up in Study II and adjustment for age, sex, 
length of education, BMI, living condition, and accelerometer wearing time for the 
mean daily MET and SB in Study III. 
In Study I, the proportional hazard assumptions were assessed by visual 
inspection of the “log-log” curves by using stphplot except for the continuous variable 
(the mean MET score from 1975 and 1981) for which a test of the proportional 
KD]DUGVDVVXPSWLRQZDVXVHG7KHWHVWVKRZHGPDUJLQDOVLJQL¿FDQFHDWWKH
VLJQL¿FDQFHOHYHO7KLVVLJQL¿FDQFHFDQEHFRQVLGHUHGPLQRULQDFRKRUWDVODUJHDV
ours. In Study II, the assumptions of the linear regression model and multinomial 
regression model were met for long-term vigorous activity groups and long-term 
quantitative activity groups. The mean MET score from 1975 and 1981 was not 
normally distributed and therefore a normally distributed log transformation of 
the mean MET score from 1975 and 1981 was used in the analyses. Because the 
results were fairly similar for the log transformed mean MET score from 1975 
and 1981 and for the non-transformed mean MET score from 1975 and 1981, the 
results for non-transformed mean MET score from 1975 and 1981 are presented 
for the purpose of clarity. In Study III, the assumptions of the linear regression 
model were tested and met except for MVPA, for which the same procedure as 
for the mean MET score from 1975 and 1981 was applied: the analyses were also 
done with a normally distributed transformation of MVPA, but the results for the 
non-transformed MVPA are shown for the purpose of clarity. 
The analyses were also done in Studies I–II for a subgroup of participants who 
were healthy in 1981 and for a subgroup who were younger than 60 years in 1981. 
Interaction tests were used in all studies (I–III), and no interaction between PA 
levels by sex was found. The characteristics of the cohort are presented in means 
ZLWK6'VRUUDQJHVRULQQXPEHUVZLWKSHUFHQWDJHV7KHJURXSGLɣHUHQFHVZHUH
analyzed with one-way ANOVA (for continuous variables) and with a likelihood 
ratio test (for categorical variables). 
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5 RESULTS
5.1 BASELINE CHARACTERISTICS
In Study I, the average age of the participants at baseline was 40.5 years (range 
23.8–101.4 years), 52.5% of them were women and they had on average 7.9 years 
of education (see Table 6). The participants belonging to VLactive were younger, 
more educated, and had smaller BMIs than the participants belonging to the groups 
of VLinactive or VLchange (VLactive: age 35.2 years, education 8.9 years, and BMI 
23.1 vs. for example VLinactive group: age 46.8 years, education 7.1 years, and BMI 
24.6). A greater percentage of the participants in the VLactive group were men and 
heavy drinkers and the participants of VLactive group also exercised quantitatively 
more at baseline (MET 3.9 h/day vs.  1.4 h/day in the VLinactive group). 
In Study II, the average age of the participants at baseline was 49.1 years (range 
37.9–74.9 years), 49.1% of them were women, and their mean MET score from 1975 
and 1981 was 2.3 h/day (see Table 6). The participants belonging to the group of 
VLactive were younger and their mean MET score from 1975 and 1981 was greater 
than for participants from the groups VLchange or VLinactive. The VLchange group 
was the most educated, had lower BMIs, and had the most heavy drinkers. 
In Study III, the average age of the participants was 72.9 years (range 70.3–75.0 
years) (see Table 6). They had on average 8.8 years of education and on average 
the time used in SB was 8 h 57 min during waking hours, in LPA 2 h 55 min, and 
in MVPA 39 min 55 sec; the average daily step count was 6383, and the mean daily 
0(7KGD\VHH7DEOH±7KHUHZDVQRVLJQL¿FDQWGLɣHUHQFHLQDJHOHQJWKRI
education, or the amount of SB and LPA for men and women. Men did, on average, 
VLJQL¿FDQWO\PRUH093$DQGWKHLUPHDQGDLO\0(7DQGGDLO\VWHSFRXQWVZHUHDOVR
VLJQL¿FDQWO\JUHDWHUWKDQZRPHQ$OOZKR¿QLVKHGWKHFRJQLWLRQLQWHUYLHZVLQELUWK
cohorts 1940–1944 were invited to participate in the accelerometer monitoring. The 
number of twin individuals from the 1940–1944 cohort was 3186. The criteria for 
invitation into the cognition interviews was that both co-twins were alive, had a 
working address in Finland and had not participated in prior studies implemented 
in the cohort (schizophrenia, bipolar). The number of the invited twins was 1632 
and, compared to the non-invited, they were younger, more educated, a greater 
percentage of them were women, and they had healthier lifestyle habits in midlife 
(fewer smokers and heavy drinkers, greater MET score). 1012 twin individuals 
participated in the cognition interviews and compared to those who declined the 
cognition interview, the participants were more educated, a greater percentage of 
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WKHPZHUHPHQDQGIHZHURIWKHPZHUHVPRNHUV1RVLJQL¿FDQWGLɣHUHQFHZDV
found in age. 
The accelerometer monitoring participants (791 twin individuals) compared 
to those who declined accelerometer monitoring but participated in the cognition 
interview (221 twin individuals) were more educated and fewer of them were heavy 
GULQNHUV1RGLɣHUHQFHZDVIRXQGLQDJHVH[RUPLGOLIH0(7VFRUHVPRNLQJRU
percentage healthy. 
Table 6 Baseline characteristics of the study cohorts
Study Age in years at 
baseline (mean, 
range)
Sex  
(% of 
women)
Education  
(years of 
schooling, 
mean, SD)
Mean MET 
from 1975 
and 1981 (h/
day, mean, 
SD)
Heavy
drinking
(n, %)
BMI in 1981
(mean, SD)
Study I (prospective)
All (n=21 524) 40.5 (23.8–101.4) 11 306 (52.5) 7.9 (2.9) 2.4 (2.5) 5222 (24.8) 23.8 (3.4)
VLinactive 46.8 (23.9–91.1)*** 5149 (61.7)*** 7.0 (2.4)*** 1.4 (1.3)*** 1550 (19.3)*** 24.6 (3.8)***
VLactive 35.2 (23.8–80.8) 2779 (39.9) 8.9 (3.3) 3.9 (3.4) 2069 (29.9) 23.1 (2.8)
VLchange 38.0 (23.8–101.4) 3378 (54.3) 7.9 (2.8) 2.1 (1.8) 1603 (26.2) 23.5 (3.3)
Study II (prospective)
All (n=3050) 49.1 (37.9–74.9) 1496 (49.1) 7.6 (2.8) 2.3 (2.3) 462 (15.5) 24.9 (3.1)
VLinactive 51.4 (38.0–74.9)*** 775 (60.5)*** 7.0 (2.3)*** 1.4 (1.2)*** 152 (11.9)*** 25.4 (3.3)***
VLactive 46.7 (37.9–74.8) 434 (51.1) 7.6 (2.6) 3.6 (3.0) 124 (14.6) 24.9 (3.2)
VLchange 48.3 (37.9–70.8) 287 (31.2) 8.5 (3.4) 2.2 (1.8) 186 (20.3) 24.3 (2.5)
Study III (cross-sectional)
All (n=726) 72.9 (70.3–75.0) 8.8 (3.4)
Men 72.9 (71.2–75.0) 352 (48.5) 8.9 (3.4)
Women 73.0 (70.3–74.9) 374 (51.5) 8.6 (3.5)
In Study I and II, the groups of long-term vigorous activity were statistically signiﬁcantly different for all baseline characteristics 
(oneway ANOVA, likelihood ratio test). In Study III, men and women did not differ signiﬁcantly regarding age and the length of 
education (one-way ANOVA). The level of signiﬁcance in differences between all groups in the row of the ﬁrst group with the 
following marks:  * p-value < 0.05, ** p-value < 0.01, ***p-value < 0.001. 
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Table 7 The physical activity and sedentary behavior proﬁle in Study III
Study III 
(cross-
sectional)
SB  
(h:min, 
mean, 
SD)
LPA 
(h:min, 
mean, 
SD)
MVPA 
(min:s, 
mean,
SD)
Daily step
count
(mean, 
SD)
Mean
daily 
MET 
(mean, 
SD
All 8:57 (1:42) 2:55 (1:02) 39:55 (28:04) 6383 (3157) 1.4 (0.1)
Men 9:23 (1:39) 2:53 (1:00) 43:58 (30:12)*** 6667 (3124)* 1.4 (0.2)**
Women 8:51 (1:44) 2:58 (1:35) 36:07 (25:22) 6116 (3168) 1.4 (0.1)
Men and women were statistically different for the amount of MVPA, the mean daily MET, and the daily 
step count (one-way ANOVA). The level of signiﬁcance in differences between all groups in the row of 
the ﬁrst group with the following marks:  * p-value < 0.05, ** p-value < 0.01, ***p-value < 0.001. 
5.2 SELF-REPORTED PHYSICAL ACTIVITY AND DEMENTIA 
MORTALITY 
During the 29-year-long follow-up period, there were 5727 deaths and 353 had 
dementia as an underlying cause (Study I) in the cohort of 21,524 twin individuals 
(121 dementia deaths in MZ twins and 196 dementia deaths in DZ twins). Long-
term vigorous activity was associated with a decreased HR for dementia mortality 
both in the model adjusted for age and sex (HR 0.65, 95% CI 0.43 – 0.98) and in 
WKH¿QDOPRGHODGMXVWHGIRUDJHVH[OHQJWKRIHGXFDWLRQK\SHUWHQVLRQVPRNLQJ
BMI, and heavy drinking (HR 0.60, 95% CI 0.39 – 0.93) (Table 8). The mean 
0(7VFRUHIURPDQGGLGQRWKDYHDVLJQL¿FDQWOLQHDUDVVRFLDWLRQZLWK
GHPHQWLDPRUWDOLW\7KH4/LQDFWLYHJURXSGLGQRWKDYHDVLJQL¿FDQWO\HOHYDWHG+5
for dementia mortality when compared with the QLactive group and the QLchange 
group. 
In the within-family analyses, the HR for the VLactive group was smaller both in 
0RGHODQGLQ0RGHOEXWWKHUHVXOWVZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWLQ0RGHO
HR 0.48, 95% CI 0.17 – 1.32 and in Model 2: HR 0.39, 95% CI 0.12 – 1.26) (Table 
7KHUHZDVQRVLJQL¿FDQWOLQHDUDVVRFLDWLRQEHWZHHQWKHPHDQ0(7IURP
and 1981 and dementia mortality or between the groups of long-term quantitative 
activity and dementia mortality.  
In both MZ and DZ twins, the VLactive group had a decreased HR for dementia 
PRUWDOLW\EXWWKHUHVXOWVZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWLQHLWKHU0=RU'=WZLQV
(HR for MZ twins in Model 2: 0.31, 95% CI 0.03 – 2.87 and HR for DZ twins 
in Model 2: 0.22, 95% CI 0.04 – 1.35) (Tables 10 and 11). The HR for dementia 
mortality for the VLactive group compared with the QLinactive group was smaller 
LQ0=WZLQVFRPSDUHGZLWK'=WZLQVEXWERWKUHVXOWVZHUHVWDWLVWLFDOO\LQVLJQL¿FDQW
(HR for MZ twins in Model 2: 0.19, 95% CI 0.02 – 2.06 and for DZ twins: 0.65, 
95% CI 0.10 – 4.28). 
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There were altogether 20 twin pairs in which the twin pairs were discordant 
for dementia mortality and for long-term vigorous activity meaning that one twin 
member died of dementia and one did not and in addition one twin member 
belonged to the VLactive group and the other belonged to the VLinactive group. Of 
these twin pairs discordant for dementia mortality and long-term vigorous inactivity, 
14 were DZ twin pairs and 6 were MZ twin pairs. In DZ twin pairs discordant for 
long-term vigorous activity, there were 8 pairs in which the inactive twin member 
died of dementia and 6 twin pairs in which the active twin died of dementia. In 
discordant MZ twin pairs, there were three pairs in which the inactive twin died of 
dementia and three twin pairs in which the active twin died of dementia. As for the 
long-term quantitative activity, there were 25 twin pairs in which the twin members 
were discordant for dementia mortality and one twin member belonged to the 
QLinactive group and the other twin member belonged to the QLactive group. Of 
these twin pairs discordant for QLactive and dementia mortality, there were 17 DZ 
twin pairs and 8 MZ twin pairs. Among the DZ twin pairs, there were 10 twin pairs 
in which the active twin died of dementia and 7 in which the inactive twin died of 
dementia. For MZ twin pairs, there were two twin pairs in which the active twin 
died of dementia and six twin pairs in which the inactive twin died of dementia. 
When restricting the analyses to the participants who were healthy at baseline, 
the point estimates were very similar, but the CIs were wider and the results were 
QRWVWDWLVWLFDOO\VLJQL¿FDQW$QRWKHUVXEDQDO\VLVRISDUWLFLSDQWV\HDUVROGRU
younger was conducted and an association between long-term vigorous activity and 
decreased dementia mortality similar to the whole cohort analysis was observed 
(HR for dementia mortality for VLactive group compared with VLinactive group 
0.49, 95% CI 0.26 – 0.94). 
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5.3 SELF-REPORTED PHYSICAL ACTIVITY AND COGNITION 
AFTER 25-YEAR FOLLOW-UP
After an average of 25.1-years follow-up (range 16.5 – 33.9 years), there were 
altogether 204 twin individuals with cognitive impairment.  The beta estimates 
IRUWRWDOFRJQLWLYHVFRUHDFFRUGLQJWRWKHGLɣHUHQWOHYHOVRI3$DUHVKRZQLQ7DEOHV
8 – 11. In between-family analyses, the participants belonging to the VLactive group 
KDGVLJQL¿FDQWO\EHWWHUFRJQLWLYHIXQFWLRQFRPSDUHGWRWKH9/LQDFWLYHLQERWKWKH
PRGHODGMXVWHGIRUDJHVH[DQGOHQJWKRIIROORZXSDQGWKH¿QDOIXOO\DGMXVWHGPRGHO
(beta estimate in Model 2: 0.91, 95% CI 0.47 – 1.35). The participants belonging to 
WKH9/FKDQJHJURXSKDGVLJQL¿FDQWO\EHWWHUFRJQLWLYHIXQFWLRQWKDQWKH9/LQDFWLYH
JURXSLQWKHDJHDQGVH[DGMXVWHGPRGHOEXWQRWLQWKH¿QDOIXOO\DGMXVWHGPRGHO
7KHPHDQ0(7VFRUHIURPDQGZDVVLJQL¿FDQWO\DVVRFLDWHGZLWKWRWDO
FRJQLWLYHVFRUH LQWKHPRGHODGMXVWHGIRUDJHDQGVH[EXWQRW LQWKH¿QDO IXOO\
DGMXVWHGPRGHO7KH4/DFWLYHKDGVLJQL¿FDQWO\KLJKHUWRWDOFRJQLWLYHVFRUHVWKDQ
the QLinactive in both the model adjusted for age, sex, and length of follow-up and 
in the fully adjusted model (beta estimate in Model 2: 0.85, 95% CI 0.22 – 1.48). 
The between-family analyses were also run in a subgroup of participants younger 
than 60 years at baseline. The results were very similar to those in the main analyses 
of the whole cohort. Long-term vigorous activity was associated with better total 
cognitive score in Model 2 (beta estimate 0.95, 95% CI 0.50 – 1.39) compared to 
the VLinactive group. The QLactive group also had better total cognitive scores 
compared to the QLinactive group (beta estimate in Model 2: 0.77, 95% CI 0.15 – 
7KHPHDQ0(7VFRUHIURPDQGZDVVLJQL¿FDQWO\DVVRFLDWHGZLWK
total cognitive score in the model adjusted for age, sex, and length of follow-up, 
EXWQRWLQWKH¿QDOIXOO\DGMXVWHGPRGHO,QWKHVXEJURXSRIKHDOWK\SDUWLFLSDQWV
at baseline, the results for long-term vigorous activity were very similar (VLactive 
EHWDHVWLPDWH&,±LQ0RGHOEXWWKHVLJQL¿FDQWDVVRFLDWLRQ
EHWZHHQORQJWHUPTXDQWLWDWLYHDFWLYLW\ZDVRQO\VWDWLVWLFDOO\VLJQL¿FDQWLQ0RGHO
DQGWKHPHDQ0(7VFRUHIURPDQGZDVQRWVLJQL¿FDQWO\DVVRFLDWHGZLWK
total cognitive score in either Model 1 or Model 2. 
,QZLWKLQIDPLO\DQDO\VHVWKHRQO\VWDWLVWLFDOO\VLJQL¿FDQWUHVXOWZDVWKDWWKH
JURXSRI9/FKDQJHKDGVLJQL¿FDQWO\KLJKHUWRWDOFRJQLWLYHVFRUHVWKDQWKH9/LQDFWLYH
group in Model 1 but not in Model 2 (Table 11). For the VLactive group, the point 
estimates were in the same direction as in the between-family analyses, but the 
point estimates were smaller and CIs were larger than in between-family analyses. 
7KHSRLQWHVWLPDWHIRUWKH4/DFWLYHJURXSLQWKH¿QDOIXOO\DGMXVWHGPRGHOZDV
similar as in the between-family models, but with wider CIs. The point estimate 
for the mean MET score from 1975 and 1981 was near to zero but in the opposite 
direction than in the between-family models.
In MZ twins, the beta estimates were in line with the beta estimates for all the 
WZLQSDLUV7KH9/FKDQJHJURXSKDGVLJQL¿FDQWO\KLJKHUWRWDOFRJQLWLYHVFRUHVWKDQ
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the VLinactive group in Model 1 but not in Model 2. For the VLactive group, the 
beta estimates designated better cognitive function at the end of the follow-up, 
EXWWKHUHVXOWGLGQRWUHDFKVWDWLVWLFDOVLJQL¿FDQFH,Q'=WZLQVEHORQJLQJWRWKH
VLactive or QLactive groups was associated with higher total cognitive scores, but 
&,VZHUHODUJHDQGQRWVWDWLVWLFDOO\VLJQL¿FDQW
In Table 12, the ORs for cognitive impairment and MCI are presented according 
WRWKHGLɣHUHQW3$OHYHOVERWKIURPWKHEHWZHHQIDPLO\DQDO\VHVDQGWKHZLWKLQ
IDPLO\ DQDO\VHV 7KH 9/DFWLYH JURXS KDG VLJQL¿FDQWO\ ORZHU25 IRU FRJQLWLYH
impairment than the VLinactive group in both the model adjusted for age, sex, 
DQGOHQJWKRIIROORZXSDQGWKH¿QDOIXOO\DGMXVWHGPRGHO25LQ0RGHO
95% CI 0.45 – 0.67 and OR in Model 2: 0.78, 95% CI 0.63 – 0.96). The VLactive 
JURXSDOVRKDGDVLJQL¿FDQWO\GHFUHDVHG25IRU0&,LQ0RGHOEXWQRWLQ0RGHO
25LQ0RGHO&,±7KH9/FKDQJHJURXSKDGDVLJQL¿FDQWO\
decreased OR for both cognitive impairment and MCI in Model 1, but the results 
ZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWLQ0RGHO,QZLWKLQIDPLO\DQDO\VHVWKHJURXS
of long-term vigorous activity had a decreased OR for cognitive impairment, but 
the point estimate was larger than in the between-family analyses, as were the CIs. 
The ORs were also analyzed separately in a subgroup of participants who were 
healthy at baseline (Table 12). Long-term vigorous activity was associated with a 
decreased OR for both cognitive impairment and MCI in the model adjusted for age, 
VH[DQGOHQJWKRIIROORZXSEXWWKHDVVRFLDWLRQZDVQRWVWDWLVWLFDOO\VLJQL¿FDQWLQ
WKH¿QDOIXOO\DGMXVWHGPRGHO,QZLWKLQIDPLO\DQDO\VHVLQWKHVXEJURXSRIKHDOWK\
participants at baseline, the point estimates were similar as in the between-family 
DQDO\VHVEXWZLWKODUJHUDQGVWDWLVWLFDOO\QRQVLJQL¿FDQW&,V
,Q)LJXUHWKHODWHOLIHWRWDOFRJQLWLYHVFRUHVRIGLɣHUHQWPLGOLIH3$OHYHOVDUH
plotted by midlife age groups. It can be observed that the mean total cognitive score 
in the group of long-term vigorous activity deviates more clearly from the total 
cognitive score of the VLinactive group compared with the deviation observed in 
Figure 8B between QLactive and QLinactive groups. It can also be detected that 
the deviation is larger the older the age cohort is. 
There were no twin pairs which were discordant for both baseline long-term 
vigorous activity (one twin in the VLactive group and the co-twin in the VLinactive 
group) and cognition (one twin with healthy cognition and the co-twin with cognitive 
impairment at the end of the follow-up). There were four twin pairs which were 
discordant for both baseline QLactive (one twin belonged to the QLinactive group 
and the co-twin to the QLactive group at baseline) and for cognition. Of these twin 
pairs, one was an MZ twin pair, and in this twin pair, it was the co-twin belonging 
to the QLinactive group who had cognitive impairment at the end of the follow-up. 
Three of these twin pairs discordant for baseline long-term quantitative activity and 
cognition were DZ, and in two of these pairs, it was the inactive co-twin who had 
cognitive impairment at the end of the follow-up. In one DZ twin pair, the active 
co-twin had cognitive impairment at the end of the follow-up. 
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    A. Long-term vigorous activity                                           B. Long-term quantitative activity
Figure 8 Total cognitive score according to physical activity level in different baseline age groups (Results 
not presented in original publications)
*signiﬁes a statistically signiﬁcant difference in total cognitive score when compared to the 
VLinactive group in Figure 8A or to the QLinactive group in Figure 8B (the Sidak multiple- 
comparison test).
5.4 OBJECTIVELY MEASURED PHYSICAL ACTIVITY  
PROFILE AND COGNITION
,QEHWZHHQIDPLO\DQDO\VHVWKHUHZDVQRVLJQL¿FDQWDVVRFLDWLRQEHWZHHQDQ\RI
the variables describing PA or SB and total cognitive score in the models adjusted 
IRUDJHDQGVH[VHH7DEOH,QWKH¿QDOIXOO\DGMXVWHGPRGHO/3$DQG6%KDG
VLJQL¿FDQWDVVRFLDWLRQVZLWKWRWDOFRJQLWLYHVFRUH/3$ZDVSRVLWLYHO\DVVRFLDWHG
with total cognitive score (beta estimate 0.30, 95% CI 0.02 – 0.58) and SB was 
inversely associated with total cognitive score (beta estimate -0.21, 95% CI -0.42 
±,QSRVWKRFDQDO\VHVRI WKHDVVRFLDWLRQRI3$SUR¿OHDQGOHQJWKRI
education, MVPA was positively associated with the length of education and the 
UHVXOWVZHUHVWDWLVWLFDOO\VLJQL¿FDQW6SHDUPDQ¶VFRUUHODWLRQFRHɤFLHQWSYDOXH
7KH6SHDUPDQ¶VFRUUHODWLRQFRHɤFLHQWIRU/3$DQGWKHOHQJWKRIHGXFDWLRQ
was negative, and for SB and the length of education the Spearman’s correlation 
FRHɤFLHQWZDVSRVLWLYH6SHDUPDQ¶VFRUUHODWLRQFRHɤFLHQWIRU/3$SYDOXH
6SHDUPDQ¶VFRUUHODWLRQFRHɤFLHQWIRU6%SYDOXH)RU/3$DQG
WKHOHQJWKRIHGXFDWLRQWKHFRUUHODWLRQZDVVWDWLVWLFDOO\VLJQL¿FDQW
,QZLWKLQIDPLO\DQDO\VHVWKHSRLQWHVWLPDWHVLQWKH¿QDOIXOO\DGMXVWHGPRGHOV
were quite close to those in between-family analyses but they did not reach statistical 
VLJQL¿FDQFHVHH7DEOH±7KHSRLQWHVWLPDWHVIRU093$WKHGDLO\VWHSFRXQW
DQGWKHPHDQGDLO\0(7ZHUHVWDWLVWLFDOO\LQVLJQL¿FDQWDQGVOLJKWO\SRVLWLYHZKLOH
LQEHWZHHQIDPLO\DQDO\VHVWKH\ZHUHVWDWLVWLFDOO\LQVLJQL¿FDQWDQGVOLJKWO\QHJDWLYH
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In within-family analyses for MZ twins and DZ twins separately (see Tables 
±WKHUHZHUHQRVWDWLVWLFDOO\VLJQL¿FDQWUHVXOWVEXWSRLQWHVWLPDWHVIRU/3$
and SB were similar as in between-family analyses and within-family analyses of 
all twin individuals. 
)LJXUH  VKRZV WKH 3$ DQG 6% SUR¿OH DFFRUGLQJ WR FRJQLWLRQ 7KH ¿JXUH
demonstrates how greater amounts of LPA and the smaller amount of SB are 
VLJQL¿FDQWO\DVVRFLDWHGZLWKWRWDOFRJQLWLYHVFRUH
There was only one twin pair which was discordant for cognition: one 
twin member had healthy cognition and the other twin member had cognitive 
impairment. The co-twin with healthy cognition engaged more time in LPA and 
less in SB than the co-twin with cognitive impairment, but less time in MVPA than 
the co-twin with cognitive impairment. The daily step count and mean daily MET 
were fairly similar for these twins. 
0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
HealthǇĐŽŐŶŝƟŽŶ
Mild cŽŐŶŝƟǀe impairment
ŽŐŶŝƟǀe impairment
SB (h) LPA (h) MVPA (h)
Figure 9. The average SB, LPA and MVPA amounts in hours per waking hours during one day according to 
different cognition groups (Healthy cognition: TELE score > 17.5 and TICS score > 26.5. Cognitive impairment 
TELE score < 16 and TICS score < 22.5. Mild cognitive impairment: TELE scores 16 – 17.5 and TICS scores 
22.5 – 26.5 and those whose TELE and TICS scores are in disagreement.)
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6 DISCUSSION
6.1 SUMMARY OF THE MAIN FINDINGS
The association of PA with dementia mortality and cognition was investigated in 
this thesis study (see Figure 10). Two prospective studies (I and II) investigated 
the association of self-reported PA with dementia mortality or cognition over two 
decades later. One cross-sectional study (III) addressed objectively measured PA 
DQG6%SUR¿OHDQGFRJQLWLRQLQODWHOLIH7KHVWXGLHVZHUHLPSOHPHQWHGLQDWZLQ
study setting allowing for the possible confounding by genetic and shared childhood 
experiences to be taken into account. The members of a twin pair nearly always 
share their childhood environment. MZ twins’ DNA is identical at the sequence 
level and DZ twins share, on average, half of their segregating genes (like siblings). 
At the individual level in these twins, long-term vigorous PA was associated 
with both decreased dementia mortality and better cognition over two decades 
ODWHU7KHJURXSRIORQJWHUPTXDQWLWDWLYHDFWLYLW\4/DFWLYHDOVRKDGVLJQL¿FDQWO\
better cognition at follow-up than the QLinactive group after the lengthy follow-up, 
indicating that it is the most inactive persons who are at greatest risk of cognitive 
decline. MVPA in old age was not associated with better cognition, but LPA and 
smaller amounts of SB were at the individual level. In the within-family analyses 
in which the twin members are compared against each other, this thesis study 
VKRZHGQRVLJQL¿FDQWDVVRFLDWLRQVEHWZHHQ3$OHYHODQGGHPHQWLDPRUWDOLW\RU
FRJQLWLRQ LQ WKH¿QDO IXOO\DGMXVWHGPRGHOVDOWKRXJKWKHSRLQWHVWLPDWHVZHUH
quite similar to those in individual-level analyses. The number of twins discordant 
for PA and dementia mortality or cognition was very small in each original study. 
These facts imply that the associations found between PA levels and cognition at the 
individual level are most likely in part explained by genetics and shared childhood 
environment. In fact, a recently published GWAS found that a genetic variant in the 
APOE gene strongly implicated in AD is also associated with engagement in habitual 
PA (Klimentidis et al., 2018), providing preliminary evidence for genetic pleiotropy 
in the association of PA and cognitive decline, although in a surprising direction. 
)XUWKHUWKHSURVSHFWLYHIROORZXSVWXG\VKRZHGWKDW3$KDGPRUHLQÀXHQFH
on cognition the older the participants were at baseline indicating the danger of 
reverse causation when performing prospective studies of PA and dementia with 
EDVHOLQH LQROGDJH+RZHYHU WKHVLJQL¿FDQWDVVRFLDWLRQVDWWKH LQGLYLGXDO OHYHO
between long-term vigorous activity and long-term quantitative activity were also 
observed in this data in a subgroup of participants younger than 60 years at baseline. 
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Discussion
6.2 SELF-REPORTED PHYSICAL ACTIVITY AND DEMENTIA 
MORTALITY
Long-term vigorous activity was associated with decreased dementia mortality at 
WKHLQGLYLGXDOOHYHOEXWQRWVLJQL¿FDQWO\LQDQDO\VHVFRPSDULQJWZLQVDJDLQVWWKHLU
FRWZLQV7KHYROXPHRI3$GLGQRWKDYHDVLJQL¿FDQWDVVRFLDWLRQZLWKGHPHQWLD
mortality and belonging to the most inactive quintile both questionnaire years (1975 
DQGGLGQRWLQFUHDVHWKHULVNRIGHPHQWLDPRUWDOLW\VLJQL¿FDQWO\7KHVH¿QGLQJV
DGGWRWKHH[LVWLQJNQRZOHGJHRIWKH¿HOGEHFDXVHWKHUHLVDODFNRISURVSHFWLYHVWXGLHV
assessing midlife PA and its association with later dementia incidence. The earlier 
VWXGLHVORRNLQJDWYLJRURXV3$VSHFL¿FDOO\HLWKHUIRXQGQRVLJQL¿FDQWDVVRFLDWLRQ
ZLWKGHPHQWLDLQFLGHQFH*URVVHWDORUIRXQGDVLJQL¿FDQWDVVRFLDWLRQRQO\
in men (Tolppanen et al., 2015). This study result on long-term vigorous activity 
FRQWUDGLFWVWKHVH¿QGLQJV7KHDVVRFLDWLRQREVHUYHGEHWZHHQORQJWHUPPLGOLIH
vigorous PA and decreased dementia mortality at the individual level was found for 
ERWKPHQDQGZRPHQDQGQRVH[LQWHUDFWLRQZDVIRXQG7KLV¿QGLQJRQWKHYROXPH
RI3$LV LQ OLQHZLWKWKHVWXG\IURP0RUJDQHWDOEXWFRQÀLFWVZLWKWKH
¿QGLQJVIURP*HOEHUHWDO$QGHOHWDODQG&KDQJHWDOZKR
either found an association for high PA volume and decreased dementia incidence 
(Gelber et al., 2012) or for regular or moderate PA and dementia incidence (Chang, 
M. et al., 2010, Andel et al., 2008).
This study had a similar result as two other prospective studies on PA and 
dementia mortality regarding vigorous PA (Rosness et al., 2014, Zotcheva et al., 
2018). They are both from the Cohort of Norway (CONOR), but baseline information 
FRPHVIURPGLɣHUHQWDJHVHLWKHUSDUWLFLSDQWVDJHG±\HDUV=RWFKHYDHWDO
2018) or 65–80 years (Rosness et al., 2014). The follow-ups lasted, on average, 10 
(Rosness et al., 2014) or 15 (Zotcheva et al., 2018) years. The number of participants 
was large in both studies: 36,945 in that from Zotcheva et al. (2018) and 31,086 
in that from Rosness et al. (2014). Both studies found that both light and vigorous 
PA are associated with decreased dementia mortality. 
1R VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ ORQJWHUP YLJRURXV DFWLYLW\ ORQJWHUP
quantitative activity, or mean MET score from 1975 and 1981 with dementia 
mortality in analyses comparing twins against their co-twins was found. This is in 
OLQHZLWKWKHHDUOLHUWZLQVWXGLHVLQZKLFKQRVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ3$DQG
dementia was found in co-twin control designs (Carlson et al., 2008, Andel et al., 
2008). The number of twins discordant for both PA and dementia mortality was 
low. This study results, thus, suggest that the association found in individual-level 
analyses is likely to be due, to a moderate extent, to genetic selection or to childhood 
shared environment favoring both physically and cognitively healthy growth. 
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7KHPHWDDQDO\VHVRQ3$DQGGHPHQWLD DOO UHSRUW D VLJQL¿FDQW DVVRFLDWLRQ
between PA and decreased incidence of dementia, but the association has been 
less clear when the baseline is in midlife and with longer follow-ups (Xu et al., 
2017, Guure et al., 2017, Blondell et al., 2014, Hamer et al., 2009, Morgan et al., 
2012). These meta-analyses have compared “high PA” with low or no PA, with 
“high PA” being heterogeneously described in individual studies. This study did 
QRW¿QGDVLJQL¿FDQWULVNUHGXFWLRQRIGHPHQWLDPRUWDOLW\IRUKLJK3$YROXPHEXW
long-term vigorous PA regardless of the amount was associated with a decreased 
ULVNRIGHPHQWLDPRUWDOLW\$FFRUGLQJWRWKHVHUHVXOWVLWLVVSHFL¿FDOO\WKHDELOLW\
and interest to participate in physical exercises more strenuous than walking that 
LVLQÀXHQWLDO
The association of long-term vigorous activity and decreased dementia mortality 
was found in the model adjusted for age and sex and in the model taking the 
length of education, hypertension, smoking, BMI, and heavy drinking into account. 
The results do not seem, therefore, to be attributable to better cognitive reserve, 
UHÀHFWHGE\WKHOHQJWKRIHGXFDWLRQRUWRDKHDOWKLHUOLIHVW\OH7KHDQDO\VHVZHUH
also performed in a subgroup of healthy adults and the point estimates were similar 
WRWKRVHLQWKHZKROHFRKRUWEXWZLWKZLGHUDQGVWDWLVWLFDOO\QRQVLJQL¿FDQW&,V
This indicates that the results could be, to a moderate extent, explained by chronic 
diseases restricting one’s mobile ability or predisposing individuals to cognitive 
decline. This cohort included participants aged over 90 years at baseline, creating a 
possible risk of reverse causation in our study. Therefore, an additional analysis of 
participants aged 60 years at most was conducted. The VLactive group compared 
WRWKH9/LQDFWLYHJURXSZDVDOVRVLJQL¿FDQWO\DVVRFLDWHGZLWKGHFUHDVHGGHPHQWLD
PRUWDOLW\LQWKLVVXEJURXSDQGWKHHɣHFWVL]HZDVDOVRFRQVLGHUDEOH+5
CI 0.26 – 0.94). 
Earlier, the meta-analysis of PA and dementia from Hamer et al. (2009) suggested 
GLɣHUHQFHVE\JHQGHUHɣHFWVEXWDPRUHUHFHQWPHWDDQDO\VLV*XXUHHWDO
on the subject showed very similar results for men and women. This study is in 
DJUHHPHQWZLWKWKLVEHFDXVHLQWKHLQWHUDFWLRQWHVWQRVLJQL¿FDQWLQWHUDFWLRQE\
sex was found. 
The results in the separate analyses of MZ and DZ twins are inconclusive because 
RIWKHODUJHVSUHDGRIWKHGDWD$OWKRXJKWKHUHVXOWVZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQW
the possibility of a type II error remains: we may falsely accept the null hypothesis 
RIQRVLJQL¿FDQWGLɣHUHQFHEHWZHHQWKHGHSHQGHQWDQGLQGHSHQGHQWYDULDEOH
6.3 SELF-REPORTED PHYSICAL ACTIVITY AND COGNITION 
This study showed that long-term vigorous activity and long-term quantitative 
DFWLYLW\LQPLGOLIHDUHVLJQL¿FDQWO\DVVRFLDWHGZLWKEHWWHUJOREDOFRJQLWLYHIXQFWLRQ
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DTXDUWHURIDFHQWXU\ODWHU7KLV¿QGLQJLVLQDFFRUGDQFHZLWKHDUOLHUKLJKTXDOLW\
studies (baseline in midlife, lengthy follow-up, at least moderately large cohort 
size > 1000, sound measures of both PA and cognition, and controlling for the 
most important confounding factors: age, sex, education, and vascular morbidity) 
reporting a positive association between PA and cognition (Singh-Manoux et 
al., 2005, Chang, M. et al., 2010, Virta et al., 2013a, Elwood et al., 2013). Singh-
Manoux et al. (2005) did not address, however, global cognitive function and only 
RQHFRJQLWLYHGRPDLQRIIRXUFU\VWDOOL]HGLQWHOOLJHQFHZDVVLJQL¿FDQWO\DVVRFLDWHG
ZLWKPLGOLIH3$&KDQJHWDODOVRVWXGLHGRQO\VSHFL¿FGRPDLQVEXWLQWKHLU
study, all three domains (speed of processing, memory, and executive function) 
were positively associated with PA. Elwood et al. (2013) and Virta et al. (2013) 
also addressed global cognitive function. Elwood et al. (2013) reported that regular 
exercise was associated with better cognition, while the earlier twin study partially 
including the same study population as this thesis study (Virta et al., 2013a) did not 
VKRZDVLJQL¿FDQWDVVRFLDWLRQIRUYLJRURXV3$DQGFRJQLWLRQLQWKHIXOO\DGMXVWHG
PRGHOVEXWGLGVKRZDVLJQL¿FDQWSURWHFWLYHDVVRFLDWLRQLQWKHIXOO\DGMXVWHGPRGHOV
for the highest PA quartile. This study adds to this earlier study (Virta et al., 2013a) 
in multiple ways: the number of twins with cognition screening is larger (3050 
vs. 2165), PA has been studied more extensively, long-term engagement in PA is 
evaluated instead of a single measurement, and linear regression modeling has 
been used, providing more statistical power and enabling an assessment without 
WKHFKRLFHRIFDWHJRUL]DWLRQDɣHFWLQJWKHUHVXOWV
It appears that it is particularly detrimental for one’s cognitive health to be 
very inactive and to not engage in PA at all, because not belonging to the most 
inactive PA quintile in both 1975 and 1981 was associated with better global cognitive 
function. To be included in the most inactive quintile, the amount of PA was, at 
most, 0.6 MET-h/day, corresponding to 0.5–1 h of walking 3–5 times per month, 
hence strikingly little. In the subgroups of healthy participants at baseline, long-
term vigorous activity but not long-term quantitative activity was associated with 
better cognition later. This may indicate that middle-aged patients with chronic 
diseases are especially in danger for developing cognitive decline because their 
chronic diseases limit their PA – whether it is by actual inability to participate in 
any kind of exercise or by inactivity brought on by psychological problems related 
WRFKURQLFGLVHDVHV7KHPHDQ0(7VFRUHIURPDQGZDVQRWVLJQL¿FDQWO\
associated with cognition, indicating that there is no dose–response between the 
volume of PA and cognition. 
The most recent meta-analyses have shown that PA is associated with a decreased 
ULVNRIFRJQLWLYHGHFOLQHEXWWKHDVVRFLDWLRQKDVEHHQVWDWLVWLFDOO\VLJQL¿FDQWRQO\
when the length of follow-up is fairly short (less than 5 or 10 years) (Morgan et 
al. 2012, Blondell et al., 2014) and when the baseline study population is past 
PLGOLIHRYHU\HDUV*XXUHHWDO6R¿HWDODOVRIRXQGDVLJQL¿FDQW
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association between PA and better cognition for longer follow-ups (over 5 years), but 
WKH\GLGQRWLQYHVWLJDWHWKHHɣHFWRIEDVHOLQHDJHRQWKHUHVXOWV7KHVHWKHVLVUHVXOWV
DGGWRWKHSUHYLRXVNQRZOHGJHVKRZLQJDVLJQL¿FDQWDVVRFLDWLRQEHWZHHQ3$DQG
cognition when baseline age is in midlife and the follow-up is considerably long. This 
thesis showed that midlife long-term vigorous activity and long-term quantitative 
DFWLYLW\ZHUHVLJQL¿FDQWO\DVVRFLDWHGZLWKEHWWHUFRJQLWLRQDIWHUDOHQJWK\IROORZXS
RIRYHUWZRGHFDGHV7KHUHVXOWVZHUHVLJQL¿FDQWHYHQDIWHUFRQWUROOLQJIRUDJHVH[
length of education, three vascular risk factors, and heavy drinking, suggesting no 
confounding by healthier lifestyle habits or higher cognitive reserve. The results for 
ORQJWHUPYLJRURXVDFWLYLW\DQGORQJWHUPTXDQWLWDWLYHDFWLYLW\ZHUHDOVRVLJQL¿FDQW
in a subgroup of only participants younger than 60 years at baseline, and the result of 
ORQJWHUPYLJRURXVDFWLYLW\ZDVDOVRVLJQL¿FDQWLQDVXEJURXSRIKHDOWK\SDUWLFLSDQWV
at baseline. As mentioned above, the number of methodologically sound, lengthy 
prospective studies assessing PA in midlife is not large and the meta-analyses might 
be limited by this fact. 
The point estimates for long-term vigorous activity and long-term quantitative 
activity in the analyses comparing twins with their co-twins were very close to 
WKRVHLQWKHLQGLYLGXDOOHYHODQDO\VHVEXWZLWKZLGHUDQGQRQVLJQL¿FDQW&,V7KLV
¿QGLQJLPSOLHVWKDWWKHDVVRFLDWLRQIRXQGDWWKHLQGLYLGXDOOHYHOLVLQSDUWH[SODLQHG
by genetic selection and childhood shared environment. The number of twins 
discordant for PA and cognition was very small (zero for long-term vigorous activity 
and four for long-term quantitative activity). This fact strengthens the notion that 
the association found at the individual level is, to a quite moderate extent, explained 
by genetic selection and childhood shared environment. The earlier twin studies 
assessing PA and cognitive function and dementia (Andel et al., 2008, Carlson et 
DOGLGQRW¿QGVLJQL¿FDQWDVVRFLDWLRQVLQWKHLUFRWZLQDQDO\VHVFRPSDULQJ
twins with their co-twins. Of these twin studies, Carlson et al. (2008) had the most 
dementia-discordant twin pairs (N=147), while the number of cognitively discordant 
twin pairs in our study was 120 and 90 in that from Andel et al. (2008), however, 
Carlson et al. (2008) used a fairly crude measure of PA. Yet again, the results in the 
separate analyses of MZ and DZ twins are inconclusive because of the large spread 
RIWKHGDWD$OWKRXJKWKHUHVXOWVZHUHQRWVWDWLVWLFDOO\VLJQL¿FDQWWKHSRVVLELOLW\RI
DW\SH,,HUURUUHPDLQVZHPD\IDOVHO\DFFHSWWKHQXOOK\SRWKHVLVRIQRVLJQL¿FDQW
GLɣHUHQFHEHWZHHQWKHGHSHQGHQWDQGLQGHSHQGHQWYDULDEOH
Causal relationships cannot be established in prospective cohort studies, but 
require evidence from RCTs and mechanistic studies. However, in longitudinal 
REVHUYDWLRQDOVWXGLHVDVWURQJDVVRFLDWLRQDQGDGRVH±UHVSRQVHHɣHFWEHWZHHQ
the independent variable and dependent variable can be considered an indication 
or reassurance of a possible causal relationship. No dose–response was observed 
EHWZHHQWKHYROXPHRI3$DQGFRJQLWLRQ,WZDVVSHFL¿FDOO\ ORQJWHUPYLJRURXV
activity and not belonging to the most inactive quintile in 1975 and 1981 that was 
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associated with better cognition approximately 25 years later. However, recent 
studies suggest a U-shaped association between PA and cardiovascular health 
(Eijsvogels et al., 2018). Our preliminary scatter plots did not suggest a U-shaped 
association. The association of long-term vigorous PA and better cognition was 
not strikingly strong (beta estimate in Model 2: 0.91, 95% CI 0.47 – 1.35). This 
DVVRFLDWLRQVWUHQJWKGRHVQRWFRQ¿UPDFDXVDOUHODWLRQVKLSQRUGRHVLWUHIXWHLW
Earlier studies have found an association between PA and cognition only in 
men (Tolppanen et al., 2015) or only in women (Kåreholt et al., 2011, Sumic et al., 
DQGLQRQHPHWDDQDO\VLVGLɣHULQJHɣHFWVRQFRJQLWLRQLQPHQDQGZRPHQ
were suspected to cause the heterogeneity observed in the results (Hamer et al., 
2009). These thesis results are in agreement with the majority of studies reporting 
QRGLɣHULQJHɣHFWVIRUPHQDQGZRPHQ
The associations of long-term vigorous activity and cognition with multinomial 
ORJLVWLFUHJUHVVLRQPRGHOVZHUHDOVRLQYHVWLJDWHG7KHUHVXOWVHVVHQWLDOO\GLGQRWGLɣHU
from the ones observed in the linear regression models. Long-term vigorous activity 
VLJQL¿FDQWO\UHGXFHGWKHULVNRIFRJQLWLYHLPSDLUPHQWLQERWKWKHPRGHODGMXVWHGIRU
age, sex, and length of follow-up and the fully adjusted model. Long-term vigorous 
DFWLYLW\ZDVVLJQL¿FDQWO\DVVRFLDWHGZLWKGHFUHDVHGLQFLGHQFHRI0&,LQWKHPRGHO
adjusted for age, sex, and length of follow-up, but not in the fully adjusted model. 
,QZLWKLQIDPLO\FRPSDULVRQVQRVLJQL¿FDQWDVVRFLDWLRQZDVIRXQGDOWKRXJKWKH
point estimates were similar to those detected in the between-family analyses. 
Our study participants’ age range at baseline was quite wide (38–75 years). In 
DGGLWLRQWRWKHVHSDUDWHDQDO\VLV LQSDUWLFLSDQWV\RXQJHUWKDQ\HDUVD¿JXUH
of the association of long-term vigorous activity or long-term quantitative activity 
DQGFRJQLWLRQZDVGUDZQ)LJXUH7KH¿JXUHVKRZVKRZWKHDVVRFLDWLRQRIERWK
measures of PA are more strongly associated with cognition at older ages expect for 
ORQJWHUPTXDQWLWDWLYHDFWLYLW\LQWKHROGHVWDJHJURXSQ PRVWOLNHO\UHÀHFWLQJ
how reverse causation is a risk in dementia prevention studies. The results were, 
KRZHYHUDOVRVLJQL¿FDQWLQWKHVXEJURXSRISDUWLFLSDQWV\RXQJHUWKDQ\HDUVDW
baseline. 
6.4 OBJECTIVELY MEASURED PHYSICAL ACTIVITY AND 
SEDENTARY BEHAVIOR PROFILE AND COGNITION
In the cross-sectional study of Finnish elderly twins, objectively measured LPA was 
positively and SB inversely associated with cognition in individual-level analyses, but 
ZDVQRWVLJQL¿FDQWLQDQDO\VHVFRPSDULQJWZLQVZLWKWKHLUFRWZLQV7KHVH¿QGLQJV
indicate that the association could also be, in part, explained by genetic selection 
DQGFKLOGKRRGVKDUHGHQYLURQPHQW7KLV¿QGLQJFRQWUDGLFWVWKHWUHQGREVHUYHG
LQHDUOLHUFURVVVHFWLRQDOVWXGLHVRIREMHFWLYHO\PHDVXUHG3$SUR¿OHVDQGFRJQLWLRQ
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which implied that MVPA, but not LPA or SB, is associated with better cognition 
=KX:HWDO.HUUHWDO,QRXUVWXG\093$ZDVQRWVLJQL¿FDQWO\
DVVRFLDWHGZLWKFRJQLWLRQ7KLVLVDOVRLQWHUHVWLQJVLQFHLWZDVVSHFL¿FDOO\PLGOLIH
YLJRURXV3$WKDWZDVDVVRFLDWHGZLWKFRJQLWLRQLQ6WXGLHV,,,+RZHYHUWKHHɣHFW
sizes for the association between LPA and SB with cognition in our study can be 
considered small (Cohen’s d for LPA=0.08 and for SB=0.06). SB has not been 
associated with cognition in the earlier cross-sectional analyses of late-life objectively 
measured PA and cognition (Zhu, W. et al., 2015, Johnson, L. G. et al., 2016). 
In cross-sectional studies addressing self-reported PA and cognition in older 
DGXOWVWKHPDMRULW\UHSRUWDSRVLWLYHDVVRFLDWLRQ+RZHYHUWKHLQÀXHQWLDODVSHFWV
RI3$DQGWKHDɣHFWHGGRPDLQVRIFRJQLWLRQYDU\%L[E\HWDO6WHLQEHUJHW
DOEXWJOREDOFRJQLWLRQLVDOVRVXJJHVWHGWREHDɣHFWHG/DPHWDO
Nevertheless, contradicting evidence showing no association between self-reported 
PA and cognition in older adults also exists (Su et al., 2015). Gill et al. (2015) suggests 
WKDWLW LVWKHOLIHORQJHQJDJHPHQWLQ3$WKDWKDVEHQH¿FLDOHɣHFWVRQFRJQLWLRQ
DQGVRPHVWXGLHVVXJJHVWWKDWLWLVWKH¿WQHVVOHYHOWKDWLVLPSRUWDQWIRUFRJQLWLRQ
(Zhu, N. et al., 2014, Scott et al., 2016). This thesis study adds to this developing 
KHWHURJHQRXV¿HOGWKDWZLWKREMHFWLYHO\PHDVXUHG3$WKHHɣHFWVL]HLVQRWODUJH
at the individual level and may even be, in part, explained by genetic factors and 
childhood shared environment. 
Earlier evidence from cross-sectional studies on the association of PA and 
cognition in young to middle-age is scarce and weak. A meta-analysis of cross-
sectional studies on PA and cognition in young to middle-aged adults shows cautious 
evidence in favor of a positive association, but is limited by studies with mainly 
very small sample sizes (mean participant number when both active and inactive 
groups are included and when the single largest study is excluded: 59) (Cox et al., 
2016)). The largest single study in this review showed an association between PA 
and working memory, but not with episodic memory, switching, or visuo-spatial 
memory (Erickson et al., 2013). Another singular study on PA and cognition found 
an association between PA intensity, but not duration, and overall cognition along 
ZLWKSURFHVVLQJVSHHGDQGPHQWDOÀH[LELOLW\$QJHYDUHQHWDO/RQJLWXGLQDO
studies in children (Aggio et al., 2016) and in adolescence (Aaltonen et al., 2016) 
KDYHVKRZQWKDWWKHGLUHFWLRQRIWKHDVVRFLDWLRQRI3$DQGFRJQLWLRQVHHPVWRÀRZ
in the opposite direction: children and teenagers with better academic performance 
exercise, rather than the other way around. This cross-sectional study does not 
suggest any direction, but only an association in the elderly as well, regardless 
RIGLUHFWLRQRUZKHWKHULWLVWKHUHFHQWPRQWKVRIH[HUFLVHWKH¿WQHVVOHYHORUWKH
lifetime engagement in physical activities that is acting. 
7KHIDFWWKDWRQO\DVVRFLDWLRQVRIVPDOOHɣHFWVL]HZHUHIRXQG LQWKLVHOGHUO\
cohort between PA and cognition is surprising because PA has been associated with 
VLJQL¿FDQWLPSURYHPHQWLQFRJQLWLRQHVSHFLDOO\JOREDOFRJQLWLRQH[HFXWLYHIXQFWLRQ
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and attention in elderly individuals with MCI (Öhman et al., 2014) and even in 
community-dwelling AD patients (Öhman et al., 2016, Vreugdenhil et al., 2012). 
Earlier studies have reported that master athletes perform cognitively superiorly 
to non-athlete controls (Tseng et al., 2013, Zhao et al., 2016). In this study, the 
average time engaged in vigorous intensity PA was 57 s and the maximum time 
engaged in vigorous intensity PA was 35.5 min. These small amounts of vigorous 
3$PLJKWQRWEHHQRXJKWRUHQGHUFRJQLWLYHEHQH¿WVEXWLWKDVWREHWDNHQLQWR
DFFRXQWWKDWLQWKLVDJHJURXSWKHDEVROXWH3$LQWHQVLW\WKUHVKROGVPD\QRWUHÀHFW
the subjective PA intensities well (Kujala et al., 2017). 
1RVLJQL¿FDQWDVVRFLDWLRQVEHWZHHQ/3$DQGFRJQLWLRQRU6%DQGFRJQLWLRQ
in the models adjusted for age, sex, and for the wearing time for SB were found, 
EXW WKHDVVRFLDWLRQZDV VLJQL¿FDQW LQ WKH IXOO\DGMXVWHGPRGHO7KH LQGLYLGXDO
FRYDULDWHPRVWDɣHFWLQJWKHVLJQL¿FDQFHRIRXU¿QGLQJZDVHGXFDWLRQ7KLVLVZK\
the educational backgrounds according to PA levels were looked at. Post hoc the 
Spearman’s correlations between PA levels and education were investigated. LPA 
FRUUHODWHGQHJDWLYHO\ZLWKHGXFDWLRQDQGWKHUHVXOWZDVVWDWLVWLFDOO\VLJQL¿FDQW6%
FRUUHODWHGSRVLWLYHO\ZLWKHGXFDWLRQEXWWKHUHVXOWZDVQRWVWDWLVWLFDOO\VLJQL¿FDQW
This is surprising because in many study populations the situation is vice versa: 
better educated people engage more in PA and other healthier lifestyles. Because 
the associations between LPA and cognition and SB and cognition were very near 
WKHVLJQL¿FDQFHOHYHOLQWKHPRGHOVDGMXVWHGIRUDJHVH[DQGWKHZHDULQJWLPHIRU
6%0RGHOWKHXQHYHQGLVWULEXWLRQRIHGXFDWLRQLVOLNHO\WRH[SODLQWKHGLɣHUHQW
results between Model 1 and Model 2 (fully adjusted). The surprising distribution 
of education may be due to the exceptional post-war time period in Finland at 
the time our twin study cohort was young. Economic constraints in families may 
have prevented cognitively talented individuals from obtaining education or created 
pressure or compelling initiatives to earn money instead of acquiring mental capital. 
Very few Finns continued their formal education to the senior high school level (lukio 
in Finnish) in the pre- and immediate post-war years. Educational opportunities 
opened up to the whole population when comprehensive schooling for all children 
was enacted at the end of the 1960s (Anonymous, 1968). 
'DLO\ VWHS FRXQWZDVQRW VLJQL¿FDQWO\ DVVRFLDWHGZLWK FRJQLWLRQ7KLV LV LQ
line with our MET score results because walking at a pace greater than 3 km/h 
LVDOUHDG\FDWHJRUL]HGDV093$DQGDOVR093$ZDVQRWVLJQL¿FDQWO\DVVRFLDWHG
with cognition. Earlier studies using accelerometers did not assess the association 
RIGDLO\VWHSFRXQWDQGFRJQLWLRQ7KHPHDQGDLO\0(7ZDVDOVRQRWVLJQL¿FDQWO\
associated with cognition. 
Again, the results in the analyses of MZ and DZ twins separately are inconclusive 
because of the large spread of the data. Although the results were not statistically 
VLJQL¿FDQWDSRVVLELOLW\RIW\SH,,HUURUUHPDLQVZHPD\IDOVHO\DFFHSWWKHQXOO
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K\SRWKHVLVRIQRVLJQL¿FDQWGLɣHUHQFHEHWZHHQWKHGHSHQGHQWDQGLQGHSHQGHQW
variable. 
Our study population was slightly selected toward better educated individuals 
with healthier lifestyles (less smoking and heavy drinking) and most twins were 
community-dwelling. In an unselected study population with unhealthy lifestyle 
choices, lower educational levels and mobility limitations better represented, we 
PLJKW¿QGPRUHSURQRXQFHGDVVRFLDWLRQVEHWZHHQ3$OHYHOVDQGFRJQLWLRQ
Mechanistic studies have shown that PA can ameliorate synaptic plasticity 
by strengthening synapses, inducing proliferation of dendrites, and boosting 
angiogenesis (Eadie et al., 2005, Lopez-Lopez et al., 2004), protect against vascular 
risk factors and poor sleep quality associated with cognitive decline, and even inhibit 
the accumulation of neuropathological changes of AD (Adlard et al., 2005). In 
rodents, running in old age has also been associated with less accumulation of the 
plaques (Herring et al., 2016). Thus, a causal relationship between PA and cognition 
seems biologically plausible. However, in this cohort of 726 twins and 235 full twin 
pairs, only one twin pair was discordant for cognition. The weak association of 
objectively measured late-life PA and cognition could also be partly explained by 
genetic selection and childhood shared environment.  
,QVXPPDU\WKLVWKHVLVVWXG\LQGLFDWHVWKDWWKHHɣHFWVL]HRI WKHDVVRFLDWLRQ
between late-life PA and late-life cognition is small and the association is at least 
partly explained by genetic selection and childhood shared environment. 
6.5 STRENGTHS AND LIMITATIONS 
This thesis study has several strengths. The study population in Studies I and II 
was mainly in their midlife and our follow-up in these studies was very extensive 
(29 years in Study I and 25.1 years in Study II). This kind of setting in a prospective 
study investigating degenerative diseases that develop very slowly is good. This 
thesis study of PA and cognition is, to my knowledge, the most extensive twin cohort 
VWXG\DVVHVVLQJWKHLQÀXHQFHRI3$RQFRJQLWLYHGHFOLQH7KHDGGLWLRQDODVSHFWRI
the co-twin control study design enables us to take genetics and childhood shared 
environment into account. This is especially valuable when studying traits that are 
heritable, as both PA and dementia or propensity for cognitive decline are. 
We also had a fairly comprehensive set of information on other midlife lifestyle 
factors and some late-life lifestyle factors which enabled adjusting the results for 
many important possible confounding factors (midlife: age, sex, education, length 
of follow-up, BMI, smoking, heavy drinking, and hypertension and late-life: living 
condition, and BMI). Besides information from self-reports, we had well-documented 
information on chronic diseases from the nationwide hospital discharge register, 
from reimbursable medications from the Social Insurance Institution of Finland, 
96
Discussion
and the Finnish Cancer Registry (Kujala et al., 2002), and separate sub-analyses 
in a subgroup of healthy participants at baseline in 1981 in Studies I and II were 
possible to conduct. An additional strength was that PA was evaluated twice, in 
DQGUHÀHFWLQJDORQJWHUPGHGLFDWHGHQJDJHPHQWLQ3$
Because a very large proportion of the same-sexed twins born before 1965 with 
both co-twins alive in 1967 have participated in the studies, the study population can 
be considered a good representation of the Finnish general population. One of the 
strengths of the study is that in Finland we have numerous very reliable registers. 
In Study I, we used information from the Finnish Cause of Death Register. Also, 
the overall mortality of the older cohort of The Finnish Twin Study is similar to the 
general population (Kaprio, 2013). 
This thesis study had also several limitations. The information on PA in Studies 
I and II came from questionnaire information. The self-reporting of habits is always 
liable for individual perception and interpretation. A recent large population-based 
study evaluated the concordance between PA questionnaire, diary, interview and 
accelerometer measurement in the same setting (Hukkanen et al., 2018). They found 
WKDW3$HVWLPDWHVGLɣHUVWURQJO\EHWZHHQDOOPHWKRGVH[FHSWIRUWKHFRPSDULVRQ
between interview and questionnaire. Fitness level modulated the PA estimates: 
DFFRUGLQJWRDFFHOHURPHWHUPRQLWRULQJV¿WWHUSHUVRQVXQGHUHVWLPDWHGWKHLUDPRXQW
of MVPA in questionnaires. This is not surprising considering that MET levels 
measured with accelerometers are universal for all, although the relative intensity of 
H[HUFLVHLVVXEMHFWLYHDQGYDULHVJUHDWO\EHWZHHQ¿WDQGOHVV¿WSHUVRQV.XMDODHWDO
2017). A systematic review assessing PA questionnaires from 2012 concluded that 
while the reliability in the PA questionnaires evaluated was acceptable, the validity 
in them was moderate at best (Helmerhorst et al., 2012). The PA questionnaires 
of this review had been validated with accelerometers or with heart rate monitors 
or in rare cases with both of these. The MET index in this thesis study has been 
validated with a detailed PA telephone interview and the intraclass correlations 
were 0.68 (p < 0.001) for LTPA and 0.93 (p < 0.001) for commuting (Waller et al., 
2008). The PA questionnaire in general has been considered valid in identifying 
between physically active and inactive people on the basis of association between 
PA levels and diseases and mortality in earlier studies (Kujala et al., 1998, Kaprio 
et al., 1978a, Kaprio et al., 1987, Kaprio et al., 1988, Kujala et al., 1994). From the 
era in question in Studies I-II at baseline (in the 1970s and 1980s), a validated 
structured questionnaire was the best available method to assess PA. Although, the 
absolute values for time used in PA may vary between methods used (Hukkanen et 
al., 2018), a questionnaire method still very likely adequately distinguishes between 
persons who are physically active and inactive. 
Other midlife lifestyle variables were also self-reports, but many of these self-
reports have been shown to be reliable and valid in Finnish population (regarding 
hypertension (Haapanen et al., 1997, Hernelahti et al., 1998), BMI (Mustelin et 
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al., 2009), and smoking (Vartiainen et al., 2002)). There are still confounding 
factors that we were unable to control for. Diet, for one, is a lifestyle factor that 
PD\LQÀXHQFHULVNRIGHPHQWLD(VNHOLQHQHWDODQGZDVQRWFRQWUROOHGIRU
in this thesis study. Hypercholesterolemia was not added to the models because it 
was known only for a small proportion of study participants and its self-report has 
not been validated. It must be remembered that since the exact etiology of dementia 
is unknown, it is very challenging to study its risk and protective factors in a cohort 
design. Which covariates are confounding factors and which are mediators is not 
DQHDV\WDVNWRGHGXFH7KLVGLɤFXOW\LVHPSKDVL]HGLQDVWXG\VHWWLQJZLWKDYHU\
extended follow-up during which the levels and engagement in independent factors 
DQGFRYDULDWHVPD\YDU\7KHFRYDULDWHFKRLFHVLQWKLVWKHVLVVWXG\UHÀHFWZHOOWKH
conception of the most important confounding factors of the author, but future 
UHVHDUFKPD\\LHOGDEHWWHUDQGPRUHSUHFLVHXQGHUVWDQGLQJLQWKLVGLɤFXOWPDWWHU
How to address possible confounders in a cohort study is always challenging, and 
robust causal interpretations cannot be made. 
In Study I, dementia mortality as an outcome measure is crude and its sensitivity 
in detecting dementia cases is not optimal (Solomon, A. et al., 2014, Sommerlad et al., 
2018). With a more sensitive outcome measure, more distinct associations between 
PA and dementia might be observed. The measure of dementia mortality in this 
thesis study is further limited by the fact that only underlying but not contributing 
causes of death were considered. It must also be noted, that the late rise of the 
incidence of dementia and cognitive impairment may introduce a survival bias. 
This means that persons developing dementia typically have to have lived long in 
order to develop dementia, creating a selected sample within the main cohort. Since 
we were not able to take competing events like coronary artery disease deaths or 
stroke into account, our results may be biased towards overly cautious estimates. 
The outcome measure in Study II also has some limitations. Hearing problems can 
cause decreased cognitive scores in the telephone interview and the use of aids such 
as newspapers or calendars cannot be controlled. In the beginning of the telephone 
cognition interview, it was, however, asked not to use paper or pencil. Cognitive 
impairment is not the same as dementia and a diagnostic work-up including the 
thorough clinical examination, laboratory tests, broad neuropsychological battery 
of tests, or neuroimaging studies were not included in this thesis study. These kinds 
of extensive investigations would undeniably provide a more accurate estimate of 
dementia, but the telephone screening methods used, TELE and TICS, have been 
proven to be valid (Gatz et al., 2002, Brandt et al., 1998). The Finnish versions of 
them have also been validated and shown to correlate well with the results from the 
MMSE and to detect between dementia and healthy cognition with a sensitivity of 
DQGVSHFL¿FLW\RIIRU7(/(DQGDVHQVLWLYLW\RIDQGVSHFL¿FLW\
of 88.5% for TICS (JärvenpääHWDO,QWKLVWKHVLVVWXG\WKHFXWRɣVXVHG
for cognitive impairment and healthy cognition were even stricter and should, thus, 
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distinguish with even more accuracy between dementia and healthy cognition. 
Falling in between the two and having MCI according to the categorization in this 
thesis study has not been validated on the basis of these interviews. 
An additional limitation in this thesis study is that cognitive impairment or 
general cognitive ability was not assessed at baseline. The majority of our study 
population in both prospective studies (I-II) were, however, in midlife, and with 
WKHORQJIROORZXSSHULRGUHYHUVHFDXVDWLRQLVXQOLNHO\WRDɣHFWWKHUHVXOWVPXFK
The number of participants aged over 65 years at baseline in Study I was 1,356 
out of 21,481 (6.3%) and in study II 76 out of 3050 (2.5%). Both studies were also 
analyzed in a subgroup of participants younger than 60 years and the results were 
very similar. 
In Study III, PA was measured with a hip-worn accelerometer which can be 
considered objective and valid. One additional strength of the accelerometer is, 
WKDWLWFDQUHOLDEO\PHDVXUHWKHDPRXQWRI6%7KHDPRXQWRI6%LVPRUHGLɤFXOW
to estimate in questionnaires than the amount of PA. However, accelerometer 
monitorings have their shortcomings, too. They do not record PA at the gym well 
and since our accelerometer was not water-resistant, all aquatic sports were also left 
uncaptured. However, the percentage of participants who engaged in aquatic sports 
during the accelerometer monitoring period was not high in this thesis study: 14.4%. 
The accelerometer method underestimates the PA intensity when skiing, bicycling, 
or doing forest work (wood chopping), but it does, however, sense these activities 
well enough to categorize them into MVPA. Because the preferred activity of the 
elderly is walking (Lim et al., 2005), the results of this thesis study have most likely 
captured the PA in this elderly study cohort of Study III quite well. The PA and SB 
SUR¿OHRIWKHVWXG\SDUWLFLSDQWVZDVFRPSDUDEOHWRWKDWRIWKHJHQHUDOSRSXODWLRQ
In the study from Husu et al. (2016), the amount of LPA, MVPA, and SB were, in 
the elderly age group of persons aged from 70 to 85 years, approximately 2 h, 55 
min and 8h, respectively, while in this thesis study time spent in LPA, MVPA, and 
SB were 2 h 55 min, 40 min, and 8 h 57 min, respectively. 
Although, I consider that our protocol of adjusting with multiple other health 
LQGLFDWRUVLVZHOOEDVHGLQLWVDELOLW\WRHUDGLFDWHWKHHɣHFWRIRWKHUSRVVLEOHFDXVDO
factors, it must be noted that adjusting for too many various factors predisposes 
the study to type II errors. The number of confounding factors used in this thesis 
study was moderate and, thus, I do not think a type II error in the main analyses 
of our study is probable. Additionally, the results were only adjusted for factors 
that are, according to our current understanding, important confounders and thus 
cannot be overlooked.  
Because low birth weight may convey an increased risk for cognitive decline 
(Mosing et al., 2018) and for lower probability for undertaking LTPA (Andersen et 
al.) and twins are, on average, 600–1000 g lighter than singletons (Kyvik, 2000, 
Loos et al., 2005), the matter of generalizability has to be considered. However, 
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even if the risk of cognitive decline or dementia is elevated in this twin study, 
the estimates according to PA levels should not change because all of the cohort 
members were twins and, thus, the risk of cognitive decline might have been elevated 
in all of the subjects. In addition, twins catch up quickly in growth, showing only 
PLQRU GLɣHUHQFHV LQ DQWKURSRPHWULF FKDUDFWHULVWLFV DW WKH HQG RI SXEHUW\$V
mentioned above, it has been argued that twins are treated more similarly than 
non-twin siblings, creating a violation of one of the twin study assumptions (equal 
environments assumption) and correspondingly is counter-argued to be due to 
the likeness of the twins (Silventoinen et al., 2008). Another factor that limits the 
reliability of the co-twin control design is the fact that environmental and genetic 
factors most likely do not act completely separately of each other but that there 
are most likely genotype–environment  interactions. This means that one type of 
genotype is more likely to end up in certain environments, creating a situation in 
ZKLFKHQYLURQPHQWDOHɣHFWVKDYHEHHQDɣHFWHGE\JHQHWLFIDFWRUV$OWKRXJKWKHVH
interactions can be to some extent estimated in quantitative genetics, it is not possible 
to disentangle these in a traditional co-twin control design. This kind of violation 
RIWZLQVWXG\DVVXPSWLRQVZRXOGKRZHYHURQO\OHDGWRDQHYHQJUHDWHUHɣHFWRI
JHQHWLFLQÀXHQFHVRQO\HPSKDVL]LQJWKHPDLQGLVFRYHU\RIWKLVWKHVLVDERXWJHQHWLFV
partly explaining the association between PA and cognition. As stated earlier in 
the literature review section, regarding LTPA, assortative mating has been shown 
not to occur in the Finnish population (Aarnio et al. 1997), but since genetic and 
HQYLURQPHQWDOLQÀXHQFHVFKDQJHEHWZHHQFXOWXUHVDQGWLPHVRQHVWXG\IURPWKH
1990s may not represent the current situation. On the other hand, assortative mating 
KDVEHHQSURYHQWRRFFXUIRULQWHOOLJHQFH(VFRULDOHWDOZKLFKPD\DɣHFWWKH
susceptibility to develop dementia. Thus, although I consider this twin data as very 
reliable genetically informative data, the possible violations of these aforementioned 
assumptions of twin studies represent a small limitation in our study.
The study design in this thesis study was a co-twin control design. Thus, how large 
the proportion of the association is explained by genetics, shared environmental 
factors and unique environmental factors could not be evaluated. This is also a 
limitation of our study design. However, considering that only a handful of earlier 
studies on LTPA and cognition or dementia have been able to control for genetics 
and shared environmental factors in any fashion, the co-twin control design is 
primarily a strength.  
The small number of discordant MZ twins has been considered a limitation in 
an earlier twin study of PA and cognition (Andel et al., 2008). In all the Studies 
I-III of this thesis, the number of twins discordant for PA and cognition or dementia 
PRUWDOLW\ZDVYHU\VFDUFH,DUJXHWKDWLQVWHDGRIUHÀHFWLQJVPDOOVWDWLVWLFDOSRZHU
this could be due to genetics partly explaining the association of PA and cognition 
or dementia mortality. 
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6.6 CONCLUSIONS 
This thesis study showed that long-term vigorous PA is associated with decreased 
dementia mortality and better cognition over two decades later, but that genetic 
factors and childhood shared environment are likely to partly explain this association. 
7KLV¿QGLQJLVQHZDQGWKHVXEMHFWKDVQRWEHHQVWXGLHGLQDWZLQFRKRUWDVODUJHDV
ours before. This thesis study implies that the strong association observed in earlier 
studies between PA and decreased incidence of dementia and cognitive decline 
could be partly explained by genetic selection. Recently, a genetic variant in the 
APOE gene strongly implicated in AD was associated with engagement in habitual 
PA, providing evidence of genetic pleiotropy in the association of PA and dementia 
(Klimentidis et al., 2018), although in a surprising direction. It must be remembered, 
though, that gene variants found in GWA studies have low penetrances. 
7KH¿QGLQJ WKDWPLGOLIHYLJRURXV3$ LVDVVRFLDWHGZLWKEHWWHU FRJQLWLRQ
years later adds to the scant body of truly long-term studies assessing midlife PA 
DQGODWHOLIHFRJQLWLRQ1RVLJQL¿FDQWDVVRFLDWLRQEHWZHHQWKHYROXPHRI3$DQG
cognition approximately 25 years later was found. Long-term quantitative inactivity 
ZDVVLJQL¿FDQWO\LQYHUVHO\DVVRFLDWHGZLWKWRWDOFRJQLWLYHVFRUHEXWWKHUHVXOWZDV
QRWVWDWLVWLFDOO\VLJQL¿FDQWLQWKHVXEJURXSRIKHDOWK\SDUWLFLSDQWVDWEDVHOLQH7KLV
implies that chronic diseases may partly explain the elevated risk of the most inactive 
participants. 
Late-life LPA was positively, and late-life SB negatively, associated with cognition 
in this twin cohort. The associations were weak. Again, this thesis study showed 
that genetic factors and childhood shared environment could partly explain the 
association. 
6.7 FUTURE PROSPECTS
This thesis study showed that at the individual level, midlife vigorous PA was 
associated with decreased dementia mortality and decreased incidence of cognitive 
decline over two decades later. A measure of midlife general cognitive ability was 
not available. In the future, we need more longitudinal studies that originate in 
midlife, before the long preclinical process of dementia begins, have long follow-
ups and have also measured general cognitive ability in midlife. In a recent thesis 
study, it was shown that in old age, executive function predicts later life-space 
mobility when life-space mobility, a measure related to PA, did not predict later 
executive function (Poranen-Clark, 2018). In adolescents, academic performance 
predicted later PA, but PA did not predict later academic performance (Aaltonen 
et al., 2016). These mutual temporal associations from midlife to late life have not 
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been studied before to my knowledge. This kind of longitudinal study assessing 
physical functioning and cognition has, however, been published, and the study 
supported a direction from midlife cognition to later physical functioning rather 
than the opposite direction (Elovainio et al., 2009). 
This thesis study showed that the association between midlife vigorous PA and 
decreased dementia mortality and better cognition is most likely explained partly 
by genetic selection. The co-twin control study design does not provide estimates 
on the extent to which the association is explained by genes and by the independent 
HɣHFWRI3$&RPSOH[KXPDQWUDLWVDUHVHOGRPH[SODLQHGVROHO\E\QDWXUHJHQHV
or nurture (environment), and it seems probable the association observed at the 
LQGLYLGXDOOHYHOLVDPL[WXUHRIERWKHɣHFWVJHQHVDQGWKHLQGHSHQGHQWHɣHFWRI3$
We need more genetically informative studies, both quantitative genetic modeling 
and multicenter twin studies with truly long-term follow-ups that originate in 
midlife and control for midlife general cognitive ability to clarify to what extent 
the association between PA and cognition is explained by genetic selection. The 
need for these kinds of studies is even greater since truly long-term RCTs with 
DODUJHVDPSOHVL]HDQGDQHɤFLHQW3$LQWHUYHQWLRQZLWKVXSHUYLVHG3$VHVVLRQV
VSHFL¿FDOO\VWXG\LQJWKHHɣHFWRI3$RQFRJQLWLRQDUHVWLOOODFNLQJ
3$PRGL¿HVWKHHɣHFWRIJHQHWLF LQÀXHQFHVIRUW\SHGLDEHWHV.LOSHOlLQHQ
2009) and for obesity (Mustelin et al., 2009). To my knowledge, studies on whether 
3$PRGL¿HVJHQHWLFLQÀXHQFHVRQGHPHQWLDRUFRJQLWLYHGHFOLQHDUHVFDUFHWKXVIDU
PA has been associated with both a more pronounced association with decreased 
incidence of dementia (Rovio et al., 2005), cognitive decline (Niti et al., 2008) or 
amyloid plaque accumulation measured with PET imaging (Head et al., 2012) in 
$32(İFDUULHUVDQGZLWKDPRUHSURQRXQFHGDVVRFLDWLRQZLWKGHFUHDVHGGHPHQWLD
LQFLGHQFHLQ$32(İQRQFDUULHUVDVZHOO7ROSSDQHQHWDO3RGHZLOVHWDO
 ,QDGGLWLRQWRFODULI\LQJ3$¶VPRGLI\LQJHɣHFWRQWKHDVVRFLDWLRQRI WKH
$32(İDOOHOHZLWKGHPHQWLDLWZRXOGEHYHU\LQWHUHVWLQJWRLQYHVWLJDWHZKHWKHU
3$PRGL¿HVWKHHɣHFWRIRQH¶VSRO\JHQLFULVNVFRUH'HVLNDQHWDORQ$'
onset and the incidence of dementia and cognitive decline in general. 
Understanding the complex association between cognition and LTPA throughout 
life is important to better target political resources and health education interventions 
ZKHUHLWUHDOO\KDVPRVWHɣHFW'HPHQWLDLVDSURJUHVVLYHQHXURGHJHQHUDWLYHGLVHDVH
leading to institutional care with high costs. Even small changes in lifestyles can 
SURGXFHODUJHHɣHFWVDWWKHSRSXODWLRQOHYHODQGOHDGWRVXEVWDQWLDOVDYLQJVLQWKH
health care system if independency in activities of daily living is preserved longer 
and institutionalization is prevented or postponed. To conclude, many aspects of 
the association between LTPA and cognition remain unsolved and would, through 
EHWWHUVFLHQWL¿FXQGHUVWDQGLQJSURYLGHWRROVIRUEHWWHUGHFLVLRQPDNLQJ
According to the literature I have read on the topic of physical activity and 
cognition and based on the results of this thesis study, I have to conclude that current 
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evidence does not provide convincing evidence that physical activity’s power to 
prevent dementia would be large (Iso-Markku et al., 2016, Iso-Markku et al., 2015, 
Iso-Markku et al., 2018, Kivimäki et al., 2019, de Souto Barreto, Demougeot et al., 
2018) and emphasis must rather be put on a balanced life combining many lifestyle 
strategies (Ngandu et al., 2015). I think that exercise may have some independent 
FRJQLWLYHEHQH¿WVDQGDFFRUGLQJ WR WKLV WKHVLV LW LV VSHFL¿FDOO\ WKHDELOLW\DQG
interest to participate in physical exercises more strenuous than walking that is 
LQÀXHQWLDO7KLVPD\DOVRDSSO\RXWVLGHWKHUHDOPRIEUDLQKHDOWK2YHUWKHSDVW
\HDUVWKHUHKDVEHHQDWUHQGWRZDUGVVWXG\LQJWKHEHQH¿FLDOKHDOWKHɣHFWVRI/3$
with encouraging results (Fuzeki et al., 2017). MVPA may, however, confer greater 
JHQHUDOKHDOWKEHQH¿WV6DLQW0DXULFHHWDODQGIRUVRPHKHDOWKHɣHFWVOLNH
DUWHULDOVWLɣQHVV/3$PD\QRWEHDVXɤFLHQWVWLPXOXV+DDSDODHWDOE,Q
conclusion, my physical activity recommendation for both brain and general health 
would be to combine a balanced life with enjoyable exercise that causes sweating 
and some breathlessness in moderate amounts. Aristotle really made a good point, 
so long ago, with his lesson about the golden middle. 
103
ACKNOWLEDGEMENTS
This work has been carried out at the Department of Public Health and the 
Department of Clinical Physiology and Nuclear Medicine, HUS Medical Imaging 
Center as part of the Doctoral Program in Population Health (DocPop), Doctoral 
School of Health, Faculty of Medicine, University of Helsinki in close collaboration 
with the Faculty of Sport and Health Sciences, University of Jyväskylä, Institute for 
Molecular Medicine Finland, University of Helsinki, the UKK Institute for Health 
Promotion Research, Tampere, the University of Turku, and the Clinical Neurology 
Department, Turku PET center, University of Turku. Present and former directors 
and department heads are respectfully thanked for providing excellent research 
IDFLOLWLHV ,QDGGLWLRQ WKLVVWXG\KDVEHHQ¿QDQFLDOO\VXSSRUWHGE\ WKH)LQQLVK
Ministry of Education and Culture, Academy of Finland, Juho Vainio Foundation, 
HUS Medical Imaging Center, Finnish Medical Foundation, and by a special federal 
grant (EVO) to the Department of Clinical Physiology and Nuclear Medicine, a UH 
Medical Travel grant, and UH Chancellor’s Travel Grants, all of which I gratefully 
acknowledge. 
I am extremely grateful for my two thesis supervisors, Dr. Katja Waller and 
Professor Urho Kujala. I sincerely thank Professor Urho Kujala and Dr. Katja Waller 
for the privilege of being taught and guided by them. Their vast knowledge of twin 
studies, the study of physical activity and research in general is very impressive. 
They always had time for my never-ending questions and they were very skilful 
in mending my mistakes in a diplomatic manner. I especially want to express my 
deepest gratitude to Katja for making my road less rocky with her caring guidance 
and to Urho for giving me the opportunity to pursue my dream of studying the 
KHDOWKHɣHFWVRISK\VLFDODFWLYLW\DQGVSHFL¿FDOO\WKHDVVRFLDWLRQRISK\VLFDODFWLYLW\
and dementia. To be able to combine research on physical activity with the wonder 
RIWKHÀHHLQJPHPRU\ZDVWKHPRVWLQWHUHVWLQJWKHVLVWRSLF,FRXOGKDYHLPDJLQHG
,ZDQWWR\RXWKDQN\RXERWK.DWMDDQG8UKRIRULQWURGXFLQJPHWRWKHVFLHQWL¿F
world in such an inspiring and broad-minded way. 
My deepest gratitude goes to Professor Jaakko Kaprio, the principal investigator 
of Finnish twin studies at the University of Helsinki, for giving me the opportunity 
to investigate my research questions with the excellent data from the older Finnish 
Twin Cohort Study and for all the wise comments which have not only improved 
my work but also developed me as a researcher. 
Adjunct Professor Kari Kalliokoski and Docent Jenni Kulmala are truly 
appreciated for reviewing this thesis and I am honored to have Professor Kaare 
Christensen as my opponent in the public defence of this thesis. 
104
Acknowledgements
I warmly thank Docent Eero Vuoksimaa for his expertise, valuable comments in 
the preparation of the manuscripts, and his aid in statistics, Kauko Heikkilä, the main 
database manager of the twin group, for his fast know-how and problem-solving 
with the data and my co-authors Professor Juha Rinne, Dr. Harri Sievänen, Noora 
Lindgrén, and Henri Vähä-Ypyä for their collaboration and valuable comments to 
improve the manuscripts. 
I am grateful for all the twins who have donated their time and participated in 
making this study possible. 
The Kaprio Group also deserves my thanks for welcoming me into their inspiring 
research group on the 7thÀRRUGXULQJWKH ODVWVWHSVRIP\WKHVLV MRXUQH\<RXU
company created an excellently inspiring and enjoyable working environment and 
lightened the last steps of my thesis journey. 
My sincere thanks to Alyce Whipp for the top-quality language review. 
I am very grateful for my friends for counterbalancing the toils of work and 
Minna for providing excellent Word support even in challenging surroundings. 
My warmest thanks go to my family: my mum, Liisa, dad, Jouko, and my two 
brothers Pentti and Pekka. First and foremost, I thank you for your never-ending 
love and support in all my endeavours. Without you, this thesis would not have 
been possible. And secondly, I thank you Pekka for your podcast recommendations 
which somehow ended up being pivotal in how I view statistics. 
105
REFERENCES
Laki koulujärjestelmän perusteista 1968, .
2018 Physical Activity Guidelines Advisory Committee 2018, 2018 Physical Activity 
*XLGHOLQHV$GYLVRU\&RPPLWWHH6FLHQWL¿F5HSRUW, U.S. Department of Health and 
Human Services, Washington, DC: U.S.
Aaltonen, S., Latvala, A., Rose, R.J., Kujala, U.M., Kaprio, J. & Silventoinen, K. 2016, “Leisure-
Time Physical Activity and Academic Performance: Cross-Lagged Associations from 
Adolescence to Young Adulthood”, 6FLHQWL¿FUHSRUWVvol. 6, pp. 39215.
Aaltonen, S., Ortega-Alonso, A., Kujala, U.M. & Kaprio, J. 2013, “Genetic and environmental 
LQÀXHQFHVRQORQJLWXGLQDOFKDQJHVLQOHLVXUHWLPHSK\VLFDODFWLYLW\IURPDGROHVFHQFH
to young adulthood”, 7ZLQUHVHDUFKDQGKXPDQJHQHWLFVWKHRɤFLDOMRXUQDORIWKH
International Society for Twin Studies, vol. 16, no. 2, pp. 535-543.
Aarnio, M., Winter, T., Kujala, U.M. & Kaprio, J. 1997, “Familial aggregation of leisure-time 
physical activity -- a three generation study”, International Journal of Sports Medicine, 
vol. 18, no. 7, pp. 549-556.
Aarsland, D., Sardahaee, F.S., Anderssen, S., Ballard, C. & Alzheimer’s Society Systematic 
Review group 2010, “Is physical activity a potential preventive factor for vascular 
dementia? A systematic review”, Aging & mental health, vol. 14, no. 4, pp. 386-395.
Abbott, R.D., White, L.R., Ross, G.W., Masaki, K.H., Curb, J.D. & Petrovitch, H. 2004, 
“Walking and dementia in physically capable elderly men”, Jama, vol. 292, no. 12, 
pp. 1447-1453.
Adlard, P.A., Perreau, V.M., Pop, V. & Cotman, C.W. 2005, “Voluntary exercise decreases 
amyloid load in a transgenic model of Alzheimer’s disease”, The Journal of neuroscience 
WKHRɤFLDOMRXUQDORIWKH6RFLHW\IRU1HXURVFLHQFHvol. 25, no. 17, pp. 4217-4221.
$JJLR'6PLWK/)LVKHU$	+DPHU0³&RQWH[W6SHFL¿F$VVRFLDWLRQVRI3K\VLFDO
Activity and Sedentary Behavior With Cognition in Children”, American Journal of 
Epidemiology, vol. 183, no. 12, pp. 1075-1082.
Ahtiluoto, S., Polvikoski, T., Peltonen, M., Solomon, A., Tuomilehto, J., Winblad, B., Sulkava, 
R. & Kivipelto, M. 2010, “Diabetes, Alzheimer disease, and vascular dementia: a 
population-based neuropathologic study”, 1HXURORJ\vol. 75, no. 13, pp. 1195-1202.
Ainslie, P.N., Cotter, J.D., George, K.P., Lucas, S., Murrell, C., Shave, R., Thomas, K.N., 
:LOOLDPV0-	$WNLQVRQ*³(OHYDWLRQLQFHUHEUDOEORRGÀRZYHORFLW\ZLWK
DHURELF¿WQHVVWKURXJKRXWKHDOWK\KXPDQDJHLQJ´The Journal of physiology, vol. 
586, no. 16, pp. 4005-4010.
Akbaraly, T.N., Portet, F., Fustinoni, S., Dartigues, J.F., Artero, S., Rouaud, O., Touchon, J., 
Ritchie, K. & Berr, C. 2009, “Leisure activities and the risk of dementia in the elderly: 
results from the Three-City Study”, 1HXURORJ\vol. 73, no. 11, pp. 854-861.
Alonso, A.D., Grundke-Iqbal, I., Barra, H.S. & Iqbal, K. 1997, “Abnormal phosphorylation 
RIWDXDQGWKHPHFKDQLVPRI$O]KHLPHUQHXUR¿EULOODU\GHJHQHUDWLRQVHTXHVWUDWLRQRI
microtubule-associated proteins 1 and 2 and the disassembly of microtubules by the 
abnormal tau”, 3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHVRIWKH8QLWHG6WDWHV
of America, vol. 94, no. 1, pp. 298-303.
106
References
Ambree, O., Leimer, U., Herring, A., Gortz, N., Sachser, N., Heneka, M.T., Paulus, W. & 
Keyvani, K. 2006, “Reduction of amyloid angiopathy and Abeta plaque burden after 
enriched housing in TgCRND8 mice: involvement of multiple pathways”, The American 
journal of pathology, vol. 169, no. 2, pp. 544-552.
American Psychiatric Association 2000, “Diagnostic and statistical manual of mental 
disorders (4th ed., Text Revision)”, .
Andel, R., Crowe, M., Hahn, E.A., Mortimer, J.A., Pedersen, N.L., Fratiglioni, L., Johansson, 
B. & Gatz, M. 2012, “Work-related stress may increase the risk of vascular dementia”, 
Journal of the American Geriatrics Society, vol. 60, no. 1, pp. 60-67.
Andel, R., Crowe, M., Pedersen, N.L., Fratiglioni, L., Johansson, B. & Gatz, M. 2008, “Physical 
exercise at midlife and risk of dementia three decades later: a population-based study of 
Swedish twins”, The journals of gerontology.Series A, Biological sciences and medical 
sciences, vol. 63, no. 1, pp. 62-66.
Andersen, L.G., Angquist, L., Gamborg, M., Byberg, L., Bengtsson, C., Canoy, D., Eriksson, 
J.G., Eriksson, M., Jarvelin, M.R., Lissner, L., Nilsen, T.I., Osler, M., Overvad, K., 
Rasmussen, F., Salonen, M.K., Schack-Nielsen, L., Tammelin, T.H., Tuomainen, T.P., 
Sorensen, T.I., Baker, J.L. & NordNet Study Group 2009, “Birth weight in relation to 
leisure time physical activity in adolescence and adulthood: meta-analysis of results 
from 13 nordic cohorts”, PloS one, vol. 4, no. 12, pp. e8192.
$QGULHX6*X\RQQHW6&ROH\1&DQWHW&%RQQHIR\0%RUGHV6%RULHV/&X¿01
Dantoine, T., Dartigues, J.F., Desclaux, F., Gabelle, A., Gasnier, Y., Pesce, A., Sudres, 
K., Touchon, J., Robert, P., Rouaud, O., Legrand, P., Payoux, P., Caubere, J.P., Weiner, 
0&DUULH,2XVVHW3-9HOODV%	0$376WXG\*URXS³(ɣHFWRIORQJWHUP
omega 3 polyunsaturated fatty acid supplementation with or without multidomain 
intervention on cognitive function in elderly adults with memory complaints (MAPT): a 
randomised, placebo-controlled trial”, 7KH/DQFHW1HXURORJ\vol. 16, no. 5, pp. 377-389.
Ang, E.T., Wong, P.T., Moochhala, S. & Ng, Y.K. 2003, “Neuroprotection associated with 
running: is it a result of increased endogenous neurotrophic factors?”, 1HXURVFLHQFH
vol. 118, no. 2, pp. 335-345.
Angevaren, M., Vanhees, L., Nooyens, A.C., Wendel-Vos, C.G. & Verschuren, W.M. 2010, 
“Physical activity and 5-year cognitive decline in the Doetinchem cohort study”, Annals 
of Epidemiology, vol. 20, no. 6, pp. 473-479.
Angevaren, M., Vanhees, L., Wendel-Vos, W., Verhaar, H.J., Aufdemkampe, G., Aleman, 
A. & Verschuren, W.M. 2007, “Intensity, but not duration, of physical activities is 
related to cognitive function”, European journal of cardiovascular prevention and 
UHKDELOLWDWLRQRɤFLDOMRXUQDORIWKH(XURSHDQ6RFLHW\RI&DUGLRORJ\:RUNLQJ*URXSV
RQ(SLGHPLRORJ\	3UHYHQWLRQDQG&DUGLDF5HKDELOLWDWLRQDQG([HUFLVH3K\VLRORJ\
vol. 14, no. 6, pp. 825-830.
Anstey, K.J., Cherbuin, N., Budge, M. & Young, J. 2011, “Body mass index in midlife and 
late-life as a risk factor for dementia: a meta-analysis of prospective studies”, Obesity 
UHYLHZVDQRɤFLDOMRXUQDORIWKH,QWHUQDWLRQDO$VVRFLDWLRQIRUWKH6WXG\RI2EHVLW\
vol. 12, no. 5, pp. e426-37.
Anstey, K.J., Lipnicki, D.M. & Low, L.F. 2008, “Cholesterol as a risk factor for dementia 
and cognitive decline: a systematic review of prospective studies with meta-analysis”, 
7KH$PHULFDQ-RXUQDORI*HULDWULF3V\FKLDWU\2ɤFLDO-RXUQDORI WKH$PHULFDQ
Association for Geriatric Psychiatry, vol. 16, no. 5, pp. 343-354.
107
$WODQWLV ( &KRZ &0 .LUE\ $ 	 6LQJK0)  ³$Q HɣHFWLYH H[HUFLVHEDVHG
intervention for improving mental health and quality of life measures: a randomized 
controlled trial”, Preventive medicine, vol. 39, no. 2, pp. 424-434.
Bakrania, K., Edwardson, C.L., Bodicoat, D.H., Esliger, D.W., Gill, J.M., Kazi, A., Velayudhan, 
L., Sinclair, A.J., Sattar, N., Biddle, S.J., Khunti, K., Davies, M. & Yates, T. 2016, 
“Associations of mutually exclusive categories of physical activity and sedentary time 
with markers of cardiometabolic health in English adults: a cross-sectional analysis of 
the Health Survey for England”, BMC public health, vol. 16, pp. 25-016-2694-9.
Ballard, C., Gauthier, S., Corbett, A., Brayne, C., Aarsland, D. & Jones, E. 2011, “Alzheimer’s 
disease”, Lancet (London, England), vol. 377, no. 9770, pp. 1019-1031.
%DUKD&.'DYLV-&)DOFN561DJDPDWVX/6	/LX$PEURVH7³6H[GLɣHUHQFHV
LQH[HUFLVHHɤFDF\WR LPSURYHFRJQLWLRQ$V\VWHPDWLFUHYLHZDQGPHWDDQDO\VLVRI
randomized controlled trials in older humans”, Frontiers in neuroendocrinology, vol. 
46, pp. 71-85.
%DUQHV'(%ODFNZHOO76WRQH./*ROGPDQ6(+LOOLHU7<DɣH.	6WXG\RI
Osteoporotic Fractures 2008, “Cognition in older women: the importance of daytime 
movement”, Journal of the American Geriatrics Society, vol. 56, no. 9, pp. 1658-1664.
%DUQHV '( <DɣH . 6DWDULDQR:$ 	 7DJHU ,%  ³$ ORQJLWXGLQDO VWXG\ RI
FDUGLRUHVSLUDWRU\¿WQHVVDQGFRJQLWLYHIXQFWLRQLQKHDOWK\ROGHUDGXOWV´Journal of 
the American Geriatrics Society, vol. 51, no. 4, pp. 459-465.
Barrett-Connor, E., Edelstein, S.L., Corey-Bloom, J. & Wiederholt, W.C. 1996, “Weight loss 
precedes dementia in community-dwelling older adults”, Journal of the American 
Geriatrics Society, vol. 44, no. 10, pp. 1147-1152.
Bateman, R.J., Xiong, C., Benzinger, T.L., Fagan, A.M., Goate, A., Fox, N.C., Marcus, D.S., 
Cairns, N.J., Xie, X., Blazey, T.M., Holtzman, D.M., Santacruz, A., Buckles, V., Oliver, 
A., Moulder, K., Aisen, P.S., Ghetti, B., Klunk, W.E., McDade, E., Martins, R.N., 
0DVWHUV&/0D\HX[55LQJPDQ-05RVVRU016FKR¿HOG356SHUOLQJ5$
Salloway, S., Morris, J.C. & Dominantly Inherited Alzheimer Network 2012, “Clinical 
and biomarker changes in dominantly inherited Alzheimer’s disease”, 7KH1HZ(QJODQG
journal of medicine, vol. 367, no. 9, pp. 795-804.
%DWRXOL6$+	6DED9³$WOHDVWHLJKW\SHUFHQWRIEUDLQJUH\PDWWHULVPRGL¿DEOHE\
physical activity: A review study”, Behavioural brain research, vol. 332, pp. 204-217.
Beckett, M.W., Ardern, C.I. & Rotondi, M.A. 2015, “A meta-analysis of prospective studies on 
the role of physical activity and the prevention of Alzheimer’s disease in older adults”, 
BMC geriatrics, vol. 15, pp. 9-015-0007-2.
Bergem, A.L., Engedal, K. & Kringlen, E. 1997, “The role of heredity in late-onset Alzheimer 
disease and vascular dementia. A twin study”, Archives of General Psychiatry, vol. 54, 
no. 3, pp. 264-270.
Beunen, G. & Thomis, M. 1999, “Genetic determinants of sports participation and daily 
physical activity”, International journal of obesity and related metabolic disorders 
: journal of the International Association for the Study of Obesity, vol. 23 Suppl 3, 
pp. S55-63.
Beydoun, M.A., Beydoun, H.A., Gamaldo, A.A., Teel, A., Zonderman, A.B. & Wang, Y. 2014, 
³(SLGHPLRORJLFVWXGLHVRIPRGL¿DEOHIDFWRUVDVVRFLDWHGZLWKFRJQLWLRQDQGGHPHQWLD
systematic review and meta-analysis”, BMC public health, vol. 14, pp. 643-2458-14-643.
108
References
Biessels, G.J., Staekenborg, S., Brunner, E., Brayne, C. & Scheltens, P. 2006, “Risk of dementia 
in diabetes mellitus: a systematic review”, 7KH/DQFHW1HXURORJ\vol. 5, no. 1, pp. 64-74.
Birks, J., Grimley Evans, J., Iakovidou, V., Tsolaki, M. & Holt, F.E. 2009, “Rivastigmine for 
Alzheimer’s disease”, The Cochrane database of systematic reviews, vol. (2):CD001191. 
doi, no. 2, pp. CD001191.
Birks, J. & Harvey, R.J. 2006, “Donepezil for dementia due to Alzheimer’s disease”, The 
Cochrane database of systematic reviews, vol. (1):CD001190. doi, no. 1, pp. CD001190.
Biswas, A., Oh, P.I., Faulkner, G.E., Bajaj, R.R., Silver, M.A., Mitchell, M.S. & Alter, D.A. 
2015, “Sedentary time and its association with risk for disease incidence, mortality, and 
hospitalization in adults: a systematic review and meta-analysis”, Annals of Internal 
Medicine, vol. 162, no. 2, pp. 123-132.
%L[E\:56SDOGLQJ7:+DXÀHU$-'HHQ\630DKORZ37=LPPHUPDQ-%	
+DW¿HOG%'³7KHXQLTXHUHODWLRQRISK\VLFDODFWLYLW\WRH[HFXWLYHIXQFWLRQLQ
older men and women”, 0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 39, no. 8, 
pp. 1408-1416.
Blennow, K., de Leon, M.J. & Zetterberg, H. 2006, “Alzheimer’s disease”, Lancet (London, 
England), vol. 368, no. 9533, pp. 387-403.
Blondell, S.J., Hammersley-Mather, R. & Veerman, J.L. 2014, “Does physical activity prevent 
cognitive decline and dementia?: A systematic review and meta-analysis of longitudinal 
studies”, BMC public health, vol. 14, pp. 510-2458-14-510.
%RHVSÀXJ(/	,OLɣ--³7KH(PHUJLQJ5HODWLRQVKLS%HWZHHQ,QWHUVWLWLDO)OXLG
Cerebrospinal Fluid Exchange, Amyloid-beta, and Sleep”, Biological psychiatry, vol. 
83, no. 4, pp. 328-336.
Bokenberger, K., Strom, P., Dahl Aslan, A.K., Johansson, A.L., Gatz, M., Pedersen, N.L. & 
Akerstedt, T. 2017, “Association Between Sleep Characteristics and Incident Dementia 
Accounting for Baseline Cognitive Status: A Prospective Population-Based Study”, The 
journals of gerontology.Series A, Biological sciences and medical sciences, vol. 72, 
no. 1, pp. 134-139.
Boomsma, D., Busjahn, A. & Peltonen, L. 2002, “Classical twin studies and beyond”, 1DWXUH
reviews.Genetics, vol. 3, no. 11, pp. 872-882.
Boomsma, D.I., de Geus, E.J., van Baal, G.C. & Koopmans, J.R. 1999, “A religious upbringing 
UHGXFHVWKHLQÀXHQFHRIJHQHWLFIDFWRUVRQGLVLQKLELWLRQHYLGHQFHIRULQWHUDFWLRQEHWZHHQ
genotype and environment on personality”, 7ZLQUHVHDUFKWKHRɤFLDOMRXUQDORIWKH
International Society for Twin Studies, vol. 2, no. 2, pp. 115-125.
%RXFKDUG&	5DQNLQHQ7³,QGLYLGXDOGLɣHUHQFHVLQUHVSRQVHWRUHJXODUSK\VLFDO
activity”, 0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 33, no. 6 Suppl, pp. S446-
51; discussion S452-3.
Bowen, M.E. 2012, “A prospective examination of the relationship between physical activity 
and dementia risk in later life”, American Journal of Health promotion : AJHP, vol. 
26, no. 6, pp. 333-340.
Brainstorm Consortium, Anttila, V., Bulik-Sullivan, B., Finucane, H.K., Walters, R.K., Bras, 
J., Duncan, L., Escott-Price, V., Falcone, G.J., Gormley, P., Malik, R., Patsopoulos, N.A., 
Ripke, S., Wei, Z., Yu, D., Lee, P.H., Turley, P., Grenier-Boley, B., Chouraki, V., Kamatani, 
Y., Berr, C., Letenneur, L., Hannequin, D., Amouyel, P., Boland, A., Deleuze, J.F., Duron, 
E., Vardarajan, B.N., Reitz, C., Goate, A.M., Huentelman, M.J., Kamboh, M.I., Larson, 
109
E.B., Rogaeva, E., St George-Hyslop, P., Hakonarson, H., Kukull, W.A., Farrer, L.A., 
Barnes, L.L., Beach, T.G., Demirci, F.Y., Head, E., Hulette, C.M., Jicha, G.A., Kauwe, 
J.S.K., Kaye, J.A., Leverenz, J.B., Levey, A.I., Lieberman, A.P., Pankratz, V.S., Poon, 
W.W., Quinn, J.F., Saykin, A.J., Schneider, L.S., Smith, A.G., Sonnen, J.A., Stern, R.A., 
Van Deerlin, V.M., Van Eldik, L.J., Harold, D., Russo, G., Rubinsztein, D.C., Bayer, A., 
Tsolaki, M., Proitsi, P., Fox, N.C., Hampel, H., Owen, M.J., Mead, S., Passmore, P., 
0RUJDQ.1RWKHQ005RVVRU0/XSWRQ0.+RɣPDQQ3.RUQKXEHU-
Lawlor, B., McQuillin, A., Al-Chalabi, A., Bis, J.C., Ruiz, A., Boada, M., Seshadri, S., 
Beiser, A., Rice, K., van der Lee, S.J., De Jager, P.L., Geschwind, D.H., Riemenschneider, 
M., Riedel-Heller, S., Rotter, J.I., Ransmayr, G., Hyman, B.T., Cruchaga, C., Alegret, 
M., Winsvold, B., Palta, P., Farh, K.H., Cuenca-Leon, E., Furlotte, N., Kurth, T., Ligthart, 
L., Terwindt, G.M., Freilinger, T., Ran, C., Gordon, S.D., Borck, G., Adams, H.H.H., 
Lehtimaki, T., Wedenoja, J., Buring, J.E., Schurks, M., Hrafnsdottir, M., Hottenga, J.J., 
Penninx, B., Artto, V., Kaunisto, M., Vepsalainen, S., Martin, N.G., Montgomery, G.W., 
Kurki, M.I., Hamalainen, E., Huang, H., Huang, J., Sandor, C., Webber, C., Muller-
Myhsok, B., Schreiber, S., Salomaa, V., Loehrer, E., Gobel, H., Macaya, A., Pozo-Rosich, 
P., Hansen, T., Werge, T., Kaprio, J., Metspalu, A., Kubisch, C., Ferrari, M.D., Belin, 
A.C., van den Maagdenberg, A.M.J.M., Zwart, J.A., Boomsma, D., Eriksson, N., Olesen, 
-&KDVPDQ',1\KROW'5$YEHUVHN$%DXP/%HUNRYLF6%UDG¿HOG-
Buono, R., Catarino, C.B., Cossette, P., De Jonghe, P., Depondt, C., Dlugos, D., Ferraro, 
T.N., French, J., Hjalgrim, H., Jamnadas-Khoda, J., Kalviainen, R., Kunz, W.S., Lerche, 
H., Leu, C., Lindhout, D., Lo, W., Lowenstein, D., McCormack, M., Moller, R.S., Molloy, 
A., Ng, P.W., Oliver, K., Privitera, M., Radtke, R., Ruppert, A.K., Sander, T., Schachter, 
66FKDQNLQ&6FKHɣHU,6FKRFK66LVRGL\D606PLWK36SHUOLQJ06WULDQR
P., Surges, R., Thomas, G.N., Visscher, F., Whelan, C.D., Zara, F., Heinzen, E.L., Marson, 
A., Becker, F., Stroink, H., Zimprich, F., Gasser, T., Gibbs, R., Heutink, P., Martinez, 
M., Morris, H.R., Sharma, M., Ryten, M., Mok, K.Y., Pulit, S., Bevan, S., Holliday, E., 
Attia, J., Battey, T., Boncoraglio, G., Thijs, V., Chen, W.M., Mitchell, B., Rothwell, P., 
6KDUPD36XGORZ&9LFHQWH$0DUNXV+.RXUNRXOLV&3HUD-5DɣHOG0
Silliman, S., Boraska Perica, V., Thornton, L.M., Huckins, L.M., William Rayner, N., 
Lewis, C.M., Gratacos, M., Rybakowski, F., Keski-Rahkonen, A., Raevuori, A., Hudson, 
J.I., Reichborn-Kjennerud, T., Monteleone, P., Karwautz, A., Mannik, K., Baker, J.H., 
O’Toole, J.K., Trace, S.E., Davis, O.S.P., Helder, S.G., Ehrlich, S., Herpertz-Dahlmann, 
B., Danner, U.N., van Elburg, A.A., Clementi, M., Forzan, M., Docampo, E., Lissowska, 
J., Hauser, J., Tortorella, A., Maj, M., Gonidakis, F., Tziouvas, K., Papezova, H., Yilmaz, 
Z., Wagner, G., Cohen-Woods, S., Herms, S., Julia, A., Rabionet, R., Dick, D.M., Ripatti, 
S., Andreassen, O.A., Espeseth, T., Lundervold, A.J., Steen, V.M., Pinto, D., Scherer, 
S.W., Aschauer, H., Schosser, A., Alfredsson, L., Padyukov, L., Halmi, K.A., Mitchell, 
J., Strober, M., Bergen, A.W., Kaye, W., Szatkiewicz, J.P., Cormand, B., Ramos-Quiroga, 
J.A., Sanchez-Mora, C., Ribases, M., Casas, M., Hervas, A., Arranz, M.J., Haavik, J., 
=D\DWV7-RKDQVVRQ6:LOOLDPV1'HPSÀH$5RWKHQEHUJHU$.XQWVL-2DGHV
R.D., Banaschewski, T., Franke, B., Buitelaar, J.K., Arias Vasquez, A., Doyle, A.E., Reif, 
A., Lesch, K.P., Freitag, C., Rivero, O., Palmason, H., Romanos, M., Langley, K., Rietschel, 
M., Witt, S.H., Dalsgaard, S., Borglum, A.D., Waldman, I., Wilmot, B., Molly, N., Bau, 
C.H.D., Crosbie, J., Schachar, R., Loo, S.K., McGough, J.J., Grevet, E.H., Medland, S.E., 
Robinson, E., Weiss, L.A., Bacchelli, E., Bailey, A., Bal, V., Battaglia, A., Betancur, C., 
Bolton, P., Cantor, R., Celestino-Soper, P., Dawson, G., De Rubeis, S., Duque, F., Green, 
A., Klauck, S.M., Leboyer, M., Levitt, P., Maestrini, E., Mane, S., De-Luca, D.M., Parr, 
J., Regan, R., Reichenberg, A., Sandin, S., Vorstman, J., Wassink, T., Wijsman, E., 
Cook, E., Santangelo, S., Delorme, R., Roge, B., Magalhaes, T., Arking, D., Schulze, 
T.G., Thompson, R.C., Strohmaier, J., Matthews, K., Melle, I., Morris, D., Blackwood, 
D., McIntosh, A., Bergen, S.E., Schalling, M., Jamain, S., Maaser, A., Fischer, S.B., 
110
References
5HLQEROG&6)XOOHUWRQ-0*X]PDQ3DUUD-0D\RUDO)6FKR¿HOG35&LFKRQ
S., Muhleisen, T.W., Degenhardt, F., Schumacher, J., Bauer, M., Mitchell, P.B., Gershon, 
E.S., Rice, J., Potash, J.B., Zandi, P.P., Craddock, N., Ferrier, I.N., Alda, M., Rouleau, 
*$7XUHFNL*2SKRɣ53DWR&$QMRULQ$6WDKO(/HEHU0&]HUVNL30
Cruceanu, C., Jones, I.R., Posthuma, D., Andlauer, T.F.M., Forstner, A.J., Streit, F., 
Baune, B.T., Air, T., Sinnamon, G., Wray, N.R., MacIntyre, D.J., Porteous, D., Homuth, 
G., Rivera, M., Grove, J., Middeldorp, C.M., Hickie, I., Pergadia, M., Mehta, D., Smit, 
J.H., Jansen, R., de Geus, E., Dunn, E., Li, Q.S., Nauck, M., Schoevers, R.A., Beekman, 
A.T., Knowles, J.A., Viktorin, A., Arnold, P., Barr, C.L., Bedoya-Berrio, G., Bienvenu, 
O.J., Brentani, H., Burton, C., Camarena, B., Cappi, C., Cath, D., Cavallini, M., Cusi, 
D., Darrow, S., Denys, D., Derks, E.M., Dietrich, A., Fernandez, T., Figee, M., Freimer, 
N., Gerber, G., Grados, M., Greenberg, E., Hanna, G.L., Hartmann, A., Hirschtritt, M.E., 
Hoekstra, P.J., Huang, A., Huyser, C., Illmann, C., Jenike, M., Kuperman, S., Leventhal, 
B., Lochner, C., Lyon, G.J., Macciardi, F., Madruga-Garrido, M., Malaty, I.A., Maras, 
A., McGrath, L., Miguel, E.C., Mir, P., Nestadt, G., Nicolini, H., Okun, M.S., Pakstis, 
A., Paschou, P., Piacentini, J., Pittenger, C., Plessen, K., Ramensky, V., Ramos, E.M., 
Reus, V., Richter, M.A., Riddle, M.A., Robertson, M.M., Roessner, V., Rosario, M., 
Samuels, J.F., Sandor, P., Stein, D.J., Tsetsos, F., Van Nieuwerburgh, F., Weatherall, 
S., Wendland, J.R., Wolanczyk, T., Worbe, Y., Zai, G., Goes, F.S., McLaughlin, N., 
Nestadt, P.S., Grabe, H.J., Depienne, C., Konkashbaev, A., Lanzagorta, N., Valencia-
Duarte, A., Bramon, E., Buccola, N., Cahn, W., Cairns, M., Chong, S.A., Cohen, D., 
Crespo-Facorro, B., Crowley, J., Davidson, M., DeLisi, L., Dinan, T., Donohoe, G., 
Drapeau, E., Duan, J., Haan, L., Hougaard, D., Karachanak-Yankova, S., Khrunin, A., 
Klovins, J., Kucinskas, V., Lee Chee Keong, J., Limborska, S., Loughland, C., Lonnqvist, 
J., Maher, B., Mattheisen, M., McDonald, C., Murphy, K.C., Nenadic, I., van Os, J., 
Pantelis, C., Pato, M., Petryshen, T., Quested, D., Roussos, P., Sanders, A.R., Schall, U., 
Schwab, S.G., Sim, K., So, H.C., Stogmann, E., Subramaniam, M., Toncheva, D., 
Waddington, J., Walters, J., Weiser, M., Cheng, W., Cloninger, R., Curtis, D., Gejman, 
P.V., Henskens, F., Mattingsdal, M., Oh, S.Y., Scott, R., Webb, B., Breen, G., Churchhouse, 
C., Bulik, C.M., Daly, M., Dichgans, M., Faraone, S.V., Guerreiro, R., Holmans, P., 
Kendler, K.S., Koeleman, B., Mathews, C.A., Price, A., Scharf, J., Sklar, P., Williams, 
J., Wood, N.W., Cotsapas, C., Palotie, A., Smoller, J.W., Sullivan, P., Rosand, J., Corvin, 
A., Neale, B.M., Schott, J.M., Anney, R., Elia, J., Grigoroiu-Serbanescu, M., Edenberg, 
H.J. & Murray, R. 2018, “Analysis of shared heritability in common disorders of the 
brain”, 6FLHQFH1HZ<RUN1<vol. 360, no. 6395, pp. 10.1126/science.aap8757.
Brandt, J., Spencer, M. & Folstein, M. 1998, “The telephone interview for cognitive status.”, 
1HXURSV\FKLDWU\1HXURSV\FKRO%HKDY1HXUROvol. 1, pp. 111-111-117.
Broe, G.A., Creasey, H., Jorm, A.F., Bennett, H.P., Casey, B., Waite, L.M., Grayson, D.A. & 
Cullen, J. 1998, “Health habits and risk of cognitive impairment and dementia in old 
DJHDSURVSHFWLYHVWXG\RQWKHHɣHFWVRIH[HUFLVHVPRNLQJDQGDOFRKROFRQVXPSWLRQ´
$XVWUDOLDQDQG1HZ=HDODQG-RXUQDORI3XEOLF+HDOWKvol. 22, no. 5, pp. 621-623.
Brown, A.D., McMorris, C.A., Longman, R.S., Leigh, R., Hill, M.D., Friedenreich, C.M. 
	3RXOLQ0-  ³(ɣHFWV RI FDUGLRUHVSLUDWRU\¿WQHVV DQG FHUHEUDO EORRGÀRZ
on cognitive outcomes in older women”, 1HXURELRORJ\RIDJLQJvol. 31, no. 12, pp. 
2047-2057.
%URZQ%03HLɣHU--7DGGHL./XL-./DZV60*XSWD9%7DGGHL7:DUG
V.K., Rodrigues, M.A., Burnham, S., Rainey-Smith, S.R., Villemagne, V.L., Bush, A., 
Ellis, K.A., Masters, C.L., Ames, D., Macaulay, S.L., Szoeke, C., Rowe, C.C. & Martins, 
R.N. 2013, “Physical activity and amyloid-beta plasma and brain levels: results from the 
111
Australian Imaging, Biomarkers and Lifestyle Study of Ageing”, Molecular psychiatry, 
vol. 18, no. 8, pp. 875-881.
%URZQ%06RKUDEL+57DGGHL.*DUGHQHU6/5DLQH\6PLWK653HLɣHU--;LRQJ
C., Fagan, A.M., Benzinger, T., Buckles, V., Erickson, K.I., Clarnette, R., Shah, T., Masters, 
&/:HLQHU0&DLUQV15RVVRU0*UDɣ5DGIRUG156DOORZD\69RJOHLQ
-/DVNH&1REOH-6FKR¿HOG35%DWHPDQ5-0RUULV-&0DUWLQV51	
Dominantly Inherited Alzheimer Network 2017, “Habitual exercise levels are associated 
with cerebral amyloid load in presymptomatic autosomal dominant Alzheimer’s 
disease”, Alzheimer’s & dementia : the journal of the Alzheimer’s Association, vol. 13, 
no. 11, pp. 1197-1206.
Buchman, A.S., Boyle, P.A., Yu, L., Shah, R.C., Wilson, R.S. & Bennett, D.A. 2012, “Total daily 
physical activity and the risk of AD and cognitive decline in older adults”, 1HXURORJ\
vol. 78, no. 17, pp. 1323-1329.
Bullitt, E., Rahman, F.N., Smith, J.K., Kim, E., Zeng, D., Katz, L.M. & Marks, B.L. 2009, 
³7KHHɣHFWRIH[HUFLVHRQWKHFHUHEUDOYDVFXODWXUHRIKHDOWK\DJHGVXEMHFWVDVYLVXDOL]HG
by MR angiography”, $-15$PHULFDQMRXUQDORIQHXURUDGLRORJ\vol. 30, no. 10, pp. 
1857-1863.
&DUOVRQ0&+HOPV0-6WHɣHQV'&%XUNH-53RWWHU**	3ODVVPDQ%/
“Midlife activity predicts risk of dementia in older male twin pairs”, Alzheimer’s & 
dementia : the journal of the Alzheimer’s Association, vol. 4, no. 5, pp. 324-331.
Castanho, T.C., Amorim, L., Zihl, J., Palha, J.A., Sousa, N. & Santos, N.C. 2014, “Telephone-
based screening tools for mild cognitive impairment and dementia in aging studies: 
a review of validated instruments”, Frontiers in aging neuroscience, vol. 6, pp. 16.
Castren, E. & Kojima, M. 2017, “Brain-derived neurotrophic factor in mood disorders and 
antidepressant treatments”, 1HXURELRORJ\RIGLVHDVHvol. 97, no. Pt B, pp. 119-126.
Cattel, R.B. 1971, “Abilities: Their Structure, Growth And Action”, Houghton, .
Chandler, M.J., Lacritz, L.H., Hynan, L.S., Barnard, H.D., Allen, G., Deschner, M., Weiner, 
M.F. & Cullum, C.M. 2005, “A total score for the CERAD neuropsychological battery”, 
1HXURORJ\vol. 65, no. 1, pp. 102-106.
Chang, M., Jonsson, P.V., Snaedal, J., Bjornsson, S., Saczynski, J.S., Aspelund, T., Eiriksdottir, 
G., Jonsdottir, M.K., Lopez, O.L., Harris, T.B., Gudnason, V. & Launer, L.J. 2010, “The 
HɣHFWRIPLGOLIHSK\VLFDODFWLYLW\RQFRJQLWLYHIXQFWLRQDPRQJROGHUDGXOWV$*(6
Reykjavik Study”, The journals of gerontology.Series A, Biological sciences and medical 
sciences, vol. 65, no. 12, pp. 1369-1374.
&KDQJ<.3DQ&<&KHQ)77VDL&/	+XDQJ&&³(ɣHFWRIUHVLVWDQFHH[HUFLVH
training on cognitive function in healthy older adults: a review”, Journal of Aging and 
Physical Activity, vol. 20, no. 4, pp. 497-517.
&KDSPDQ6%$VODQ66SHQFH-6'H¿QD/).HHEOHU0:'LGHKEDQL1	/X+
2013, “Shorter term aerobic exercise improves brain, cognition, and cardiovascular 
¿WQHVVLQDJLQJ´Frontiers in aging neuroscience, vol. 5, pp. 75.
Cheng, G., Huang, C., Deng, H. & Wang, H. 2012, “Diabetes as a risk factor for dementia and 
mild cognitive impairment: a meta-analysis of longitudinal studies”, Internal Medicine 
Journal, vol. 42, no. 5, pp. 484-491.
Christensen, K., Thinggaard, M., Oksuzyan, A., Steenstrup, T., Andersen-Ranberg, K., Jeune, 
B., McGue, M. & Vaupel, J.W. 2013, “Physical and cognitive functioning of people 
112
References
older than 90 years: a comparison of two Danish cohorts born 10 years apart”, Lancet 
(London, England), vol. 382, no. 9903, pp. 1507-1513.
Christensen, K., Vaupel, J.W., Holm, N.V. & Yashin, A.I. 1995, “Mortality among twins after 
age 6: fetal origins hypothesis versus twin method”, BMJ (Clinical research ed.), vol. 
310, no. 6977, pp. 432-436.
Codella, R., Luzi, L. & Terruzzi, I. 2017, “Exercise has the guts: How physical activity may 
positively modulate gut microbiota in chronic and immune-based diseases”, Digestive 
DQGOLYHUGLVHDVHRɤFLDOMRXUQDORIWKH,WDOLDQ6RFLHW\RI*DVWURHQWHURORJ\DQGWKH
Italian Association for the Study of the Liver, .
Coelho, F.G., Gobbi, S., Andreatto, C.A., Corazza, D.I., Pedroso, R.V. & Santos-Galduroz, 
R.F. 2013, “Physical exercise modulates peripheral levels of brain-derived neurotrophic 
factor (BDNF): a systematic review of experimental studies in the elderly”, Archives of 
Gerontology and Geriatrics, vol. 56, no. 1, pp. 10-15.
&ROFRPEH6	.UDPHU$)³)LWQHVVHɣHFWVRQWKHFRJQLWLYHIXQFWLRQRIROGHUDGXOWV
a meta-analytic study”, Psychological science, vol. 14, no. 2, pp. 125-130.
Colcombe, S.J., Erickson, K.I., Scalf, P.E., Kim, J.S., Prakash, R., McAuley, E., Elavsky, S., 
Marquez, D.X., Hu, L. & Kramer, A.F. 2006, “Aerobic exercise training increases brain 
volume in aging humans”, The journals of gerontology.Series A, Biological sciences 
and medical sciences, vol. 61, no. 11, pp. 1166-1170.
Cox, E.P., O’Dwyer, N., Cook, R., Vetter, M., Cheng, H.L., Rooney, K. & O’Connor, H. 2016, 
“Relationship between physical activity and cognitive function in apparently healthy 
young to middle-aged adults: A systematic review”, Journal of science and medicine 
in sport, vol. 19, no. 8, pp. 616-628.
Crowe, M., Andel, R., Pedersen, N.L. & Gatz, M. 2007, “Do work-related stress and reactivity 
to stress predict dementia more than 30 years later?”, Alzheimer Disease and Associated 
Disorders, vol. 21, no. 3, pp. 205-209.
'DKO$%HUJ6	1LOVVRQ6(³,GHQWL¿FDWLRQRIGHPHQWLDLQHSLGHPLRORJLFDOUHVHDUFK
a study on the usefulness of various data sources”, $JLQJFOLQLFDODQGH[SHULPHQWDO
research, vol. 19, no. 5, pp. 381-389.
Daviglus, M.L., Plassman, B.L., Pirzada, A., Bell, C.C., Bowen, P.E., Burke, J.R., Connolly, 
E.S.,Jr, Dunbar-Jacob, J.M., Granieri, E.C., McGarry, K., Patel, D., Trevisan, M. & 
Williams, J.W.,Jr 2011, “Risk factors and preventive interventions for Alzheimer disease: 
state of the science”, $UFKLYHVRI1HXURORJ\vol. 68, no. 9, pp. 1185-1190.
Dawkins, E. & Small, D.H. 2014, “Insights into the physiological function of the beta-amyloid 
precursor protein: beyond Alzheimer’s disease”, Journal of neurochemistry, vol. 129, 
no. 5, pp. 756-769.
de Bruijn, R.F., Schrijvers, E.M., de Groot, K.A., Witteman, J.C., Hofman, A., Franco, 
O.H., Koudstaal, P.J. & Ikram, M.A. 2013, “The association between physical activity 
and dementia in an elderly population: the Rotterdam Study”, European journal of 
epidemiology, vol. 28, no. 3, pp. 277-283.
de Geus, E.J., Bartels, M., Kaprio, J., Lightfoot, J.T. & Thomis, M. 2014, “Genetics of regular 
exercise and sedentary behaviors”, 7ZLQUHVHDUFKDQGKXPDQJHQHWLFVWKHRɤFLDO
journal of the International Society for Twin Studies, vol. 17, no. 4, pp. 262-271.
de Souto Barreto, P., Andrieu, S., Rolland, Y., Vellas, B. & DSA MAPT Study Group 2018, 
“Physical activity domains and cognitive function over three years in older adults with 
113
subjective memory complaints: Secondary analysis from the MAPT trial”, Journal of 
science and medicine in sport, vol. 21, no. 1, pp. 52-57.
de Souto Barreto, P., Demougeot, L., Vellas, B. & Rolland, Y. 2018, “Exercise Training for 
Preventing Dementia, Mild Cognitive Impairment, and Clinically Meaningful Cognitive 
Decline: A Systematic Review and Meta-analysis”, The journals of gerontology.Series 
A, Biological sciences and medical sciences, vol. 73, no. 11, pp. 1504-1511.
Debette, S. & Markus, H.S. 2010, “The clinical importance of white matter hyperintensities 
on brain magnetic resonance imaging: systematic review and meta-analysis”, BMJ 
(Clinical research ed.), vol. 341, pp. c3666.
'H¿QD/):LOOLV%/5DGIRUG1%*DR$/HRQDUG'+DVNHOO:/:HLQHU0)
	%HUU\-'³7KHDVVRFLDWLRQEHWZHHQPLGOLIHFDUGLRUHVSLUDWRU\¿WQHVVOHYHOV
and later-life dementia: a cohort study”, Annals of Internal Medicine, vol. 158, no. 3, 
pp. 162-168.
den Hoed, M., Brage, S., Zhao, J.H., Westgate, K., Nessa, A., Ekelund, U., Spector, T.D., 
Wareham, N.J. & Loos, R.J. 2013, “Heritability of objectively assessed daily physical 
activity and sedentary behavior”, 7KH$PHULFDQ-RXUQDORI&OLQLFDO1XWULWLRQvol. 98, 
no. 5, pp. 1317-1325.
Desikan, R.S., Fan, C.C., Wang, Y., Schork, A.J., Cabral, H.J., Cupples, L.A., Thompson, W.K., 
Besser, L., Kukull, W.A., Holland, D., Chen, C.H., Brewer, J.B., Karow, D.S., Kauppi, 
K., Witoelar, A., Karch, C.M., Bonham, L.W., Yokoyama, J.S., Rosen, H.J., Miller, B.L., 
Dillon, W.P., Wilson, D.M., Hess, C.P., Pericak-Vance, M., Haines, J.L., Farrer, L.A., 
Mayeux, R., Hardy, J., Goate, A.M., Hyman, B.T., Schellenberg, G.D., McEvoy, L.K., 
Andreassen, O.A. & Dale, A.M. 2017, “Genetic assessment of age-associated Alzheimer 
disease risk: Development and validation of a polygenic hazard score”, PLoS medicine, 
vol. 14, no. 3, pp. e1002258.
Di Cesare, M., Bennett, J.E., Best, N., Stevens, G.A., Danaei, G. & Ezzati, M. 2013, “The 
contributions of risk factor trends to cardiometabolic mortality decline in 26 
industrialized countries”, International journal of epidemiology, vol. 42, no. 3, pp. 
838-848.
Ding, Q., Vaynman, S., Akhavan, M., Ying, Z. & Gomez-Pinilla, F. 2006, “Insulin-like growth 
factor I interfaces with brain-derived neurotrophic factor-mediated synaptic plasticity 
to modulate aspects of exercise-induced cognitive function”, 1HXURVFLHQFHvol. 140, 
no. 3, pp. 823-833.
Ding, Q., Vaynman, S., Souda, P., Whitelegge, J.P. & Gomez-Pinilla, F. 2006, “Exercise 
DɣHFWVHQHUJ\PHWDEROLVPDQGQHXUDOSODVWLFLW\UHODWHGSURWHLQVLQWKHKLSSRFDPSXV
as revealed by proteomic analysis”, The European journal of neuroscience, vol. 24, 
no. 5, pp. 1265-1276.
Diniz, B.S., Butters, M.A., Albert, S.M., Dew, M.A. & Reynolds, C.F.,3rd 2013, “Late-life 
depression and risk of vascular dementia and Alzheimer’s disease: systematic review and 
meta-analysis of community-based cohort studies”, The British journal of psychiatry 
: the journal of mental science, vol. 202, no. 5, pp. 329-335.
Dolezal, B.A., Neufeld, E.V., Boland, D.M., Martin, J.L. & Cooper, C.B. 2017, “Interrelationship 
between Sleep and Exercise: A Systematic Review”, Advances in preventive medicine, 
vol. 2017, pp. 1364387.
Duncan, T. & Valenzuela, M. 2017, “Alzheimer’s disease, dementia, and stem cell therapy”, 
Stem cell research & therapy, vol. 8, no. 1, pp. 111-017-0567-5.
114
References
Eadie, B.D., Redila, V.A. & Christie, B.R. 2005, “Voluntary exercise alters the cytoarchitecture 
of the adult dentate gyrus by increasing cellular proliferation, dendritic complexity, 
and spine density”, The Journal of comparative neurology, vol. 486, no. 1, pp. 39-47.
Eijsvogels, T.M.H., Thompson, P.D. & Franklin, B.A. 2018, “The “Extreme Exercise 
Hypothesis”: Recent Findings and Cardiovascular Health Implications”, Current 
treatment options in cardiovascular medicine, vol. 20, no. 10, pp. 84.
Ekelund, U., Steene-Johannessen, J., Brown, W.J., Fagerland, M.W., Owen, N., Powell, K.E., 
Bauman, A., Lee, I.M., Lancet Physical Activity Series 2 Executive Committe & Lancet 
Sedentary Behaviour Working Group 2016, “Does physical activity attenuate, or even 
eliminate, the detrimental association of sitting time with mortality? A harmonised 
meta-analysis of data from more than 1 million men and women”, Lancet (London, 
England), vol. 388, no. 10051, pp. 1302-1310.
Elovainio, M., Kivimäki, M., Ferrie, J.E., Gimeno, D., De Vogli, R., Virtanen, M., Vahtera, 
J., Brunner, E.J., Marmot, M.G. & Singh-Manoux, A. 2009, “Physical and cognitive 
IXQFWLRQLQPLGOLIHUHFLSURFDOHɣHFWV"$\HDUIROORZXSRIWKH:KLWHKDOO,,VWXG\´
Journal of epidemiology and community health, vol. 63, no. 6, pp. 468-473.
Elwood, P., Galante, J., Pickering, J., Palmer, S., Bayer, A., Ben-Shlomo, Y., Longley, M. 
& Gallacher, J. 2013, “Healthy lifestyles reduce the incidence of chronic diseases and 
dementia: evidence from the Caerphilly cohort study”, PloS one, vol. 8, no. 12, pp. e81877.
Erickson, K.I., Banducci, S.E., Weinstein, A.M., Macdonald, A.W.,3rd, Ferrell, R.E., 
Halder, I., Flory, J.D. & Manuck, S.B. 2013, “The brain-derived neurotrophic factor 
9DO0HWSRO\PRUSKLVPPRGHUDWHVDQHɣHFWRISK\VLFDODFWLYLW\RQZRUNLQJPHPRU\
performance”, Psychological science, vol. 24, no. 9, pp. 1770-1779.
Erickson, K.I., Raji, C.A., Lopez, O.L., Becker, J.T., Rosano, C., Newman, A.B., Gach, H.M., 
Thompson, P.M., Ho, A.J. & Kuller, L.H. 2010, “Physical activity predicts gray matter 
volume in late adulthood: the Cardiovascular Health Study”, 1HXURORJ\vol. 75, no. 
16, pp. 1415-1422.
Erickson, K.I., Voss, M.W., Prakash, R.S., Basak, C., Szabo, A., Chaddock, L., Kim, J.S., Heo, 
S., Alves, H., White, S.M., Wojcicki, T.R., Mailey, E., Vieira, V.J., Martin, S.A., Pence, 
B.D., Woods, J.A., McAuley, E. & Kramer, A.F. 2011, “Exercise training increases size 
of hippocampus and improves memory”, 3URFHHGLQJVRI WKH1DWLRQDO$FDGHP\RI
6FLHQFHVRIWKH8QLWHG6WDWHVRI$PHULFDvol. 108, no. 7, pp. 3017-3022.
Erkinjuntti, T., Rinne, J., Alhainen, K. & Soininen, H. 2007, “Progressive memory disorders” 
in 1HXURORJ\, eds. S. Soinila, M. Kaste & H. Somer, 2.-3. edn, Duodecim Medical 
Publications Ltd, Helsinki, pp. 366-336-369.
Escorial, S. & Martin-Buro, C. 2012, “The role of personality and intelligence in assortative 
mating”, The Spanish journal of psychology, vol. 15, no. 2, pp. 680-687.
Eskelinen, M.H., Ngandu, T., Tuomilehto, J., Soininen, H. & Kivipelto, M. 2011, “Midlife 
healthy-diet index and late-life dementia and Alzheimer’s disease”, Dementia and 
JHULDWULFFRJQLWLYHGLVRUGHUVH[WUDvol. 1, no. 1, pp. 103-112.
Etgen, T., Sander, D., Huntgeburth, U., Poppert, H., Forstl, H. & Bickel, H. 2010, “Physical 
activity and incident cognitive impairment in elderly persons: the INVADE study”, 
Archives of Internal Medicine, vol. 170, no. 2, pp. 186-193.
Etnier, J.L., Caselli, R.J., Reiman, E.M., Alexander, G.E., Sibley, B.A., Tessier, D. & McLemore, 
E.C. 2007, “Cognitive performance in older women relative to ApoE-epsilon4 genotype 
115
DQGDHURELF¿WQHVV´0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 39, no. 1, pp. 
199-207.
Etnier, J.L., Nowell, P.M., Landers, D.M. & Sibley, B.A. 2006, “A meta-regression to examine 
WKHUHODWLRQVKLSEHWZHHQDHURELF¿WQHVVDQGFRJQLWLYHSHUIRUPDQFH´%UDLQ5HVHDUFK
5HYLHZVvol. 52, no. 1, pp. 119-130.
Fagan, A.M., Xiong, C., Jasielec, M.S., Bateman, R.J., Goate, A.M., Benzinger, T.L., Ghetti, 
B., Martins, R.N., Masters, C.L., Mayeux, R., Ringman, J.M., Rossor, M.N., Salloway, 
66FKR¿HOG356SHUOLQJ5$0DUFXV'&DLUQV1-%XFNOHV9'/DGHQVRQ
J.H., Morris, J.C., Holtzman, D.M. & Dominantly Inherited Alzheimer Network 2014, 
“Longitudinal change in CSF biomarkers in autosomal-dominant Alzheimer’s disease”, 
Science translational medicine, vol. 6, no. 226, pp. 226ra30.
Fagard, R., Bielen, E. & Amery, A. 1991, “Heritability of aerobic power and anaerobic energy 
generation during exercise”, Journal of applied physiology (Bethesda, Md.: 1985), vol. 
70, no. 1, pp. 357-362.
Fazekas, F. & Wardlaw, J.M. 2013, “The origin of white matter lesions: a further piece to 
the puzzle”, Stroke, vol. 44, no. 4, pp. 951-952.
Feldman, A., Rizzuto, K., Narasimhalu, A., Dahl, A. & Johansson, M. 2012, “Validity of 
dementia diagnoses in two Swedish health registers.”, Alzheimer’s & Dementia, vol. 
8, pp. 493.
Ferencz, B. & Gerritsen, L. 2015, “Genetics and underlying pathology of dementia”, 
1HXURSV\FKRORJ\UHYLHZvol. 25, no. 1, pp. 113-124.
Fernandes, B.S., Steiner, J., Berk, M., Molendijk, M.L., Gonzalez-Pinto, A., Turck, C.W., 
Nardin, P. & Goncalves, C.A. 2015, “Peripheral brain-derived neurotrophic factor in 
schizophrenia and the role of antipsychotics: meta-analysis and implications”, Molecular 
psychiatry, vol. 20, no. 9, pp. 1108-1119.
Fernandes, J., Arida, R.M. & Gomez-Pinilla, F. 2017, “Physical exercise as an epigenetic 
modulator of brain plasticity and cognition”, 1HXURVFLHQFHDQGELREHKDYLRUDOUHYLHZV
vol. 80, pp. 443-456.
Fine, L.J., Philogene, G.S., Gramling, R., Coups, E.J. & Sinha, S. 2004, “Prevalence of multiple 
chronic disease risk factors. 2001 National Health Interview Survey”, American Journal 
of Preventive Medicine, vol. 27, no. 2 Suppl, pp. 18-24.
Fjell, A.M., Westlye, L.T., Espeseth, T., Reinvang, I., Dale, A.M., Holland, D. & Walhovd, K.B. 
2010, “Cortical gray matter atrophy in healthy aging cannot be explained by undetected 
incipient cognitive disorders: a comment on Burgmans et al. (2009)”, 1HXURSV\FKRORJ\
vol. 24, no. 2, pp. 258-63; discussion 264-266.
Fleischman, D.A., Yang, J., Arfanakis, K., Arvanitakis, Z., Leurgans, S.E., Turner, A.D., Barnes, 
L.L., Bennett, D.A. & Buchman, A.S. 2015, “Physical activity, motor function, and white 
matter hyperintensity burden in healthy older adults”, 1HXURORJ\vol. 84, no. 13, pp. 
1294-1300.
Flicker, L., Almeida, O.P., Acres, J., Le, M.T., Tuohy, R.J., Jamrozik, K., Hankey, G. & Norman, 
P. 2005, “Predictors of impaired cognitive function in men over the age of 80 years: 
results from the Health in Men Study”, Age and Ageing, vol. 34, no. 1, pp. 77-80.
Folstein, M.F., Robins, L.N. & Helzer, J.E. 1983, “The Mini Mental State Examination.”, 
Arch Gen Psychiatry, vol. 40, no. 7, pp. 812.
116
References
Forbes, D., Thiessen, E.J., Blake, C.M., Forbes, S.C. & Forbes, S. 2013, “Exercise programs 
for people with dementia”, The Cochrane database of systematic reviews, vol. 
(12):CD006489. doi, no. 12, pp. CD006489.
Fujimura, H., Altar, C.A., Chen, R., Nakamura, T., Nakahashi, T., Kambayashi, J., Sun, B. 
& Tandon, N.N. 2002, “Brain-derived neurotrophic factor is stored in human platelets 
and released by agonist stimulation”, Thrombosis and haemostasis, vol. 87, no. 4, pp. 
728-734.
)X]HNL((QJHURɣ7	%DQ]HU:³+HDOWK%HQH¿WVRI/LJKW,QWHQVLW\3K\VLFDO
Activity: A Systematic Review of Accelerometer Data of the National Health and 
Nutrition Examination Survey (NHANES)”, 6SRUWVPHGLFLQH$XFNODQG1=vol. 
47, no. 9, pp. 1769-1793.
Gatz, M., Pedersen, N.L., Berg, S., Johansson, B., Johansson, K., Mortimer, J.A., Posner, S.F., 
Viitanen, M., Winblad, B. & Ahlbom, A. 1997, “Heritability for Alzheimer’s disease: the 
study of dementia in Swedish twins”, The journals of gerontology.Series A, Biological 
sciences and medical sciences, vol. 52, no. 2, pp. M117-25.
Gatz, M., Reynolds, C.A., Fratiglioni, L., Johansson, B., Mortimer, J.A., Berg, S., Fiske, A. 
& Pedersen, N.L. 2006, “Role of genes and environments for explaining Alzheimer 
disease”, Archives of General Psychiatry, vol. 63, no. 2, pp. 168-174.
Gatz, M., Reynolds, C.A., John, R., Johansson, B., Mortimer, J.A. & Pedersen, N.L. 2002, 
“Telephone screening to identify potential dementia cases in a population-based sample 
of older adults”, International psychogeriatrics, vol. 14, no. 3, pp. 273-289.
Gauthier, S., Reisberg, B., Zaudig, M., Petersen, R.C., Ritchie, K., Broich, K., Belleville, 
S., Brodaty, H., Bennett, D., Chertkow, H., Cummings, J.L., de Leon, M., Feldman, 
H., Ganguli, M., Hampel, H., Scheltens, P., Tierney, M.C., Whitehouse, P., Winblad, 
B. & International Psychogeriatric Association Expert Conference on mild cognitive 
impairment 2006, “Mild cognitive impairment”, Lancet (London, England), vol. 367, 
no. 9518, pp. 1262-1270.
Gaziano, T.A., Bitton, A., Anand, S., Abrahams-Gessel, S. & Murphy, A. 2010, “Growing 
epidemic of coronary heart disease in low- and middle-income countries”, Current 
problems in cardiology, vol. 35, no. 2, pp. 72-115.
Ge, Y., Grossman, R.I., Babb, J.S., Rabin, M.L., Mannon, L.J. & Kolson, D.L. 2002, “Age-
related total gray matter and white matter changes in normal adult brain. Part II: 
quantitative magnetization transfer ratio histogram analysis”, $-15$PHULFDQMRXUQDO
of neuroradiology, vol. 23, no. 8, pp. 1334-1341.
Gelber, R.P., Petrovitch, H., Masaki, K.H., Abbott, R.D., Ross, G.W., Launer, L.J. & White, 
L.R. 2012, “Lifestyle and the risk of dementia in Japanese-american men”, Journal of 
the American Geriatrics Society, vol. 60, no. 1, pp. 118-123.
Gesell, A. 1942, “The Method of Co-Twin Control”, 6FLHQFH1HZ<RUN1<vol. 95, no. 
2470, pp. 446-448.
Gluckman, P.D., Hanson, M.A. & Low, F.M. 2011, “The role of developmental plasticity and 
epigenetics in human health”, Birth defects research.Part C, Embryo today : reviews, 
vol. 93, no. 1, pp. 12-18.
Gons, R.A., Tuladhar, A.M., de Laat, K.F., van Norden, A.G., van Dijk, E.J., Norris, D.G., 
Zwiers, M.P. & de Leeuw, F.E. 2013, “Physical activity is related to the structural integrity 
of cerebral white matter”, 1HXURORJ\vol. 81, no. 11, pp. 971-976.
117
*ULɤQ(:0XOODOO\6)ROH\&:DUPLQJWRQ6$2¶0DUD60	.HOO\$0
“Aerobic exercise improves hippocampal function and increases BDNF in the serum of 
young adult males”, Physiology & Behavior, vol. 104, no. 5, pp. 934-941.
Groot, C., Hooghiemstra, A.M., Raijmakers, P.G., van Berckel, B.N., Scheltens, P., Scherder, 
(-YDQGHU)OLHU:0	2VVHQNRSSHOH5³7KHHɣHFWRISK\VLFDODFWLYLW\RQ
cognitive function in patients with dementia: A meta-analysis of randomized control 
trials”, Ageing research reviews, vol. 25, pp. 13-23.
Gross, A.L., Lu, H., Meoni, L., Gallo, J.J., Schrack, J.A. & Sharrett, A.R. 2017, “Physical Activity 
in Midlife is not Associated with Cognitive Health in Later Life Among Cognitively 
Normal Older Adults”, Journal of Alzheimer’s disease : JAD, vol. 59, no. 4, pp. 1349-1358.
Guerreiro, R., Ross, O.A., Kun-Rodrigues, C., Hernandez, D.G., Orme, T., Eicher, J.D., 
Shepherd, C.E., Parkkinen, L., Darwent, L., Heckman, M.G., Scholz, S.W., Troncoso, 
J.C., Pletnikova, O., Ansorge, O., Clarimon, J., Lleo, A., Morenas-Rodriguez, E., Clark, 
L., Honig, L.S., Marder, K., Lemstra, A., Rogaeva, E., St George-Hyslop, P., Londos, E., 
Zetterberg, H., Barber, I., Braae, A., Brown, K., Morgan, K., Troakes, C., Al-Sarraj, S., 
Lashley, T., Holton, J., Compta, Y., Van Deerlin, V., Serrano, G.E., Beach, T.G., Lesage, 
S., Galasko, D., Masliah, E., Santana, I., Pastor, P., Diez-Fairen, M., Aguilar, M., Tienari, 
P.J., Myllykangas, L., Oinas, M., Revesz, T., Lees, A., Boeve, B.F., Petersen, R.C., Ferman, 
7-(VFRWW3ULFH9*UDɣ5DGIRUG1&DLUQV1-0RUULV-&3LFNHULQJ%URZQ6
Mann, D., Halliday, G.M., Hardy, J., Trojanowski, J.Q., Dickson, D.W., Singleton, A., 
Stone, D.J. & Bras, J. 2018, “Investigating the genetic architecture of dementia with 
Lewy bodies: a two-stage genome-wide association study”, 7KH/DQFHW1HXURORJ\vol. 
17, no. 1, pp. 64-74.
Guo, S.W. 2001, “Does higher concordance in monozygotic twins than in dizygotic twins 
suggest a genetic component?”, Human heredity, vol. 51, no. 3, pp. 121-132.
Gureje, O., Ogunniyi, A., Kola, L. & Abiona, T. 2011, “Incidence of and risk factors for dementia 
in the Ibadan study of aging”, Journal of the American Geriatrics Society, vol. 59, no. 
5, pp. 869-874.
Gustavsson, A., Svensson, M., Jacobi, F., Allgulander, C., Alonso, J., Beghi, E., Dodel, R., 
Ekman, M., Faravelli, C., Fratiglioni, L., Gannon, B., Jones, D.H., Jennum, P., Jordanova, 
A., Jonsson, L., Karampampa, K., Knapp, M., Kobelt, G., Kurth, T., Lieb, R., Linde, 
M., Ljungcrantz, C., Maercker, A., Melin, B., Moscarelli, M., Musayev, A., Norwood, 
F., Preisig, M., Pugliatti, M., Rehm, J., Salvador-Carulla, L., Schlehofer, B., Simon, R., 
Steinhausen, H.C., Stovner, L.J., Vallat, J.M., Van den Bergh, P., van Os, J., Vos, P., 
Xu, W., Wittchen, H.U., Jonsson, B., Olesen, J. & CDBE2010Study Group 2011, “Cost 
of disorders of the brain in Europe 2010”, European neuropsychopharmacology : 
WKHMRXUQDORIWKH(XURSHDQ&ROOHJHRI1HXURSV\FKRSKDUPDFRORJ\vol. 21, no. 10, 
pp. 718-779.
Guttmann, C.R., Jolesz, F.A., Kikinis, R., Killiany, R.J., Moss, M.B., Sandor, T. & Albert, M.S. 
1998, “White matter changes with normal aging”, 1HXURORJ\vol. 50, no. 4, pp. 972-978.
Guure, C.B., Ibrahim, N.A., Adam, M.B. & Said, S.M. 2017, “Impact of Physical Activity on 
Cognitive Decline, Dementia, and Its Subtypes: Meta-Analysis of Prospective Studies”, 
BioMed research international, vol. 2017, pp. 9016924.
Haapala, E.A., Lintu, N., Eloranta, A.M., Venalainen, T., Poikkeus, A.M., Ahonen, T., Lindi, 
9	/DNND7$³0HGLDWLQJHɣHFWVRIPRWRUSHUIRUPDQFHFDUGLRUHVSLUDWRU\
¿WQHVVSK\VLFDODFWLYLW\DQGVHGHQWDU\EHKDYLRXURQWKHDVVRFLDWLRQVRIDGLSRVLW\DQG
other cardiometabolic risk factors with academic achievement in children”, Journal of 
sports sciences, vol. 36, no. 20, pp. 2296-2303.
118
References
Haapala, E.A., Vaisto, J., Lintu, N., Westgate, K., Ekelund, U., Poikkeus, A.M., Brage, S. 
& Lakka, T.A. 2017a, “Physical activity and sedentary time in relation to academic 
achievement in children”, Journal of science and medicine in sport, vol. 20, no. 6, 
pp. 583-589.
Haapala, E.A., Vaisto, J., Veijalainen, A., Lintu, N., Wiklund, P., Westgate, K., Ekelund, U., 
Lindi, V., Brage, S. & Lakka, T.A. 2017b, “Associations of Objectively Measured Physical 
$FWLYLW\DQG6HGHQWDU\7LPH:LWK$UWHULDO6WLɣQHVVLQ3UH3XEHUWDO&KLOGUHQ´Pediatric 
H[HUFLVHVFLHQFHvol. 29, no. 3, pp. 326-335.
Haapanen, N., Miilunpalo, S., Pasanen, M., Oja, P. & Vuori, I. 1997, “Agreement between 
questionnaire data and medical records of chronic diseases in middle-aged and elderly 
Finnish men and women”, American Journal of Epidemiology, vol. 145, no. 8, pp. 
762-769.
Hamer, M. & Chida, Y. 2009, “Physical activity and risk of neurodegenerative disease: a 
systematic review of prospective evidence”, Psychological medicine, vol. 39, no. 1, pp. 
3-11.
Hanson, J.C. & Lippa, C.F. 2009, “Lewy body dementia”, International review of 
neurobiology, vol. 84, pp. 215-228.
Hao, K., Di Narzo, A.F., Ho, L., Luo, W., Li, S., Chen, R., Li, T., Dubner, L. & Pasinetti, G.M. 
2015, “Shared genetic etiology underlying Alzheimer’s disease and type 2 diabetes”, 
Molecular aspects of medicine, vol. 43-44, pp. 66-76.
Hardy, J.A. & Higgins, G.A. 1992, “Alzheimer’s disease: the amyloid cascade hypothesis”, 
6FLHQFH1HZ<RUN1<vol. 256, no. 5054, pp. 184-185.
Hashimoto, K., Iwata, Y., Nakamura, K., Tsujii, M., Tsuchiya, K.J., Sekine, Y., Suzuki, 
K., Minabe, Y., Takei, N., Iyo, M. & Mori, N. 2006, “Reduced serum levels of brain-
derived neurotrophic factor in adult male patients with autism”, Progress in neuro-
psychopharmacology & biological psychiatry, vol. 30, no. 8, pp. 1529-1531.
Haworth, C.M., Wright, M.J., Martin, N.W., Martin, N.G., Boomsma, D.I., Bartels, M., 
Posthuma, D., Davis, O.S., Brant, A.M., Corley, R.P., Hewitt, J.K., Iacono, W.G., McGue, 
M., Thompson, L.A., Hart, S.A., Petrill, S.A., Lubinski, D. & Plomin, R. 2009, “A twin 
study of the genetics of high cognitive ability selected from 11,000 twin pairs in six 
studies from four countries”, Behavior genetics, vol. 39, no. 4, pp. 359-370.
Head, D., Bugg, J.M., Goate, A.M., Fagan, A.M., Mintun, M.A., Benzinger, T., Holtzman, 
'0	0RUULV-&³([HUFLVH(QJDJHPHQWDVD0RGHUDWRURIWKH(ɣHFWVRI$32(
Genotype on Amyloid Deposition”, $UFKLYHVRI1HXURORJ\vol. 69, no. 5, pp. 636-643.
Hebert, R., Lindsay, J., Verreault, R., Rockwood, K., Hill, G. & Dubois, M.F. 2000, “Vascular 
dementia : incidence and risk factors in the Canadian study of health and aging”, Stroke, 
vol. 31, no. 7, pp. 1487-1493.
Helmerhorst, H.J., Brage, S., Warren, J., Besson, H. & Ekelund, U. 2012, “A systematic review 
of reliability and objective criterion-related validity of physical activity questionnaires”, 
The international journal of behavioral nutrition and physical activity, vol. 9, pp. 
103-5868-9-103.
Heneka, M.T., Carson, M.J., El Khoury, J., Landreth, G.E., Brosseron, F., Feinstein, D.L., 
-DFREV$+:\VV&RUD\79LWRULFD-5DQVRKRɣ50+HUUXS.)UDXWVFK\
S.A., Finsen, B., Brown, G.C., Verkhratsky, A., Yamanaka, K., Koistinaho, J., Latz, E., 
Halle, A., Petzold, G.C., Town, T., Morgan, D., Shinohara, M.L., Perry, V.H., Holmes, 
C., Bazan, N.G., Brooks, D.J., Hunot, S., Joseph, B., Deigendesch, N., Garaschuk, O., 
119
Boddeke, E., Dinarello, C.A., Breitner, J.C., Cole, G.M., Golenbock, D.T. & Kummer, 
03³1HXURLQÀDPPDWLRQLQ$O]KHLPHU¶VGLVHDVH´7KH/DQFHW1HXURORJ\vol. 
14, no. 4, pp. 388-405.
Hernelahti, M., Kujala, U.M., Kaprio, J., Karjalainen, J. & Sarna, S. 1998, “Hypertension 
in master endurance athletes”, Journal of hypertension, vol. 16, no. 11, pp. 1573-1577.
Herring, A., Munster, Y., Metzdorf, J., Bolczek, B., Krussel, S., Krieter, D., Yavuz, I., Karim, F., 
Roggendorf, C., Stang, A., Wang, Y., Hermann, D.M., Teuber-Hanselmann, S. & Keyvani, 
K. 2016, “Late running is not too late against Alzheimer’s pathology”, 1HXURELRORJ\RI
disease, vol. 94, pp. 44-54.
+H\Q3$EUHX%&	2WWHQEDFKHU.-³7KHHɣHFWVRIH[HUFLVHWUDLQLQJRQHOGHUO\
persons with cognitive impairment and dementia: a meta-analysis”, Archives of Physical 
0HGLFLQHDQG5HKDELOLWDWLRQvol. 85, no. 10, pp. 1694-1704.
Hindin, S.B. & Zelinski, E.M. 2012, “Extended practice and aerobic exercise interventions 
EHQH¿WXQWUDLQHGFRJQLWLYHRXWFRPHVLQROGHUDGXOWVDPHWDDQDO\VLV´Journal of the 
American Geriatrics Society, vol. 60, no. 1, pp. 136-141.
Hiura, M., Nariai, T., Ishii, K., Sakata, M., Oda, K., Toyohara, J. & Ishiwata, K. 2014, “Changes 
LQFHUHEUDOEORRGÀRZGXULQJVWHDG\VWDWHF\FOLQJH[HUFLVHDVWXG\XVLQJR[\JHQ
labeled water with PET”, -RXUQDORIFHUHEUDOEORRGÀRZDQGPHWDEROLVPRɤFLDO
journal of the International Society of Cerebral Blood Flow and Metabolism, vol. 34, 
no. 3, pp. 389-396.
Hiura, M., Nariai, T., Sakata, M., Muta, A., Ishibashi, K., Wagatsuma, K., Tago, T., Toyohara, 
J., Ishii, K. & Maehara, T. 2018a, “Response of Cerebral Blood Flow and Blood Pressure 
to Dynamic Exercise: A Study Using PET”, International Journal of Sports Medicine, 
vol. 39, no. 3, pp. 181-188.
Hiura, M., Nariai, T., Takahashi, K., Muta, A., Sakata, M., Ishibashi, K., Toyohara, J., 
Wagatsuma, K., Tago, T., Ishii, K. & Maehara, T. 2018b, “Dynamic Exercise Elicits 
Dissociated Changes Between Tissue Oxygenation and Cerebral Blood Flow in the 
Prefrontal Cortex: A Study Using NIRS and PET”, $GYDQFHVLQ([SHULPHQWDO0HGLFLQH
and Biology, vol. 1072, pp. 269-274.
Ho, S.C., Woo, J., Sham, A., Chan, S.G. & Yu, A.L. 2001, “A 3-year follow-up study of social, 
lifestyle and health predictors of cognitive impairment in a Chinese older cohort”, 
International journal of epidemiology, vol. 30, no. 6, pp. 1389-1396.
Hogan, D.B., Jette, N., Fiest, K.M., Roberts, J.I., Pearson, D., Smith, E.E., Roach, P., Kirk, A., 
Pringsheim, T. & Maxwell, C.J. 2016, “The Prevalence and Incidence of Frontotemporal 
Dementia: a Systematic Review”, The Canadian journal of neurological sciences.Le 
journal canadien des sciences neurologiques, vol. 43 Suppl 1, pp. S96-S109.
Holwerda, T.J., Deeg, D.J., Beekman, A.T., van Tilburg, T.G., Stek, M.L., Jonker, C. & 
Schoevers, R.A. 2014, “Feelings of loneliness, but not social isolation, predict dementia 
onset: results from the Amsterdam Study of the Elderly (AMSTEL)”, Journal of 
neurology, neurosurgery, and psychiatry, vol. 85, no. 2, pp. 135-142.
+RUQ-/³7KHWKHRU\RIÀXLGDQGFU\VWDOOL]HGLQWHOOLJHQFHLQUHODWLRQWRFRQFHSWVRI
comparative psychology and aging in adulthood.” in Aging and cognitive processes, 
eds. F.I.M. Craik & S. Trehub, Plenum Press, New York, pp. 237-237-278.
Howley, E.T. 2001, “Type of activity: resistance, aerobic and leisure versus occupational 
physical activity”, 0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 33, no. 6 Suppl, 
pp. S364-9; discussion S419-20.
120
References
Huang, H.C. & Jiang, Z.F. 2011, “Amyloid-beta protein precursor family members: a review 
from homology to biological function”, Journal of Alzheimer’s disease : JAD, vol. 26, 
no. 4, pp. 607-626.
+XDQJ7/DUVHQ.75LHG/DUVHQ00ROOHU1&	$QGHUVHQ/%³7KHHɣHFWVRI
physical activity and exercise on brain-derived neurotrophic factor in healthy humans: A 
review”, Scandinavian Journal of Medicine & Science in Sports, vol. 24, no. 1, pp. 1-10.
Hukkanen, H., Husu, P., Sievänen, H., Tokola, K., Vähä-Ypyä, H., Valkeinen, H., Maki-
Opas, T., Suni, J.H. & Vasankari, T. 2018, “Aerobic physical activity assessed with 
accelerometer, diary, questionnaire, and interview in a Finnish population sample”, 
Scandinavian Journal of Medicine & Science in Sports, vol. 28, no. 10, pp. 2196-2206.
Husu, P., Paronen, O., Suni, J. & Vasankari, T. 2011, Suomalaisten fyysinen aktiivisuus 
ja kunto 2010. Terveyttä edistävän liikunnan nykytila ja muutokset., Opetus- ja 
kulttuuriministeriö.
Husu, P., Suni, J., Vähä-Ypyä, H., Sievänen, H., Tokola, K., Valkeinen, H., Mäki-Opas, T. 
& Vasankari, T. 2016, ”Objectively measured sedentary behavior and physical activity 
in a sample of Finnish adults: a cross-sectional study”, BMC public health, vol. 16, pp. 
920-016-3591-y.
+XWWHQUDXFK06DOLQDV*	:LUWKV2 ³(ɣHFWVRI/RQJ7HUP(QYLURQPHQWDO
Enrichment on Anxiety, Memory, Hippocampal Plasticity and Overall Brain Gene 
Expression in C57BL6 Mice”, Frontiers in molecular neuroscience, vol. 9, pp. 62.
Hyttinen, V., Kaprio, J., Kinnunen, L., Koskenvuo, M. & Tuomilehto, J. 2003, “Genetic 
liability of type 1 diabetes and the onset age among 22,650 young Finnish twin pairs: 
a nationwide follow-up study”, Diabetes, vol. 52, no. 4, pp. 1052-1055.
Iso-Markku, P., Waller, K., Kujala, U.M. & Kaprio, J. 2015, “Physical activity and dementia: 
long-term follow-up study of adult twins”, Annals of Medicine, vol. 47, no. 2, pp. 81-87.
Iso-Markku, P., Waller, K., Vuoksimaa, E., Heikkilä, K., Rinne, J., Kaprio, J. & Kujala, U.M. 
2016, “Midlife Physical Activity and Cognition Later in Life: A Prospective Twin Study”, 
Journal of Alzheimer’s disease : JAD, vol. 54, no. 4, pp. 1303-1317.
Iso-Markku, P., Waller, K., Vuoksimaa, E., Vähä-Ypyä, H., Lindgren, N., Heikkilä, K., 
Sievänen, H., Rinne, J., Kaprio, J. & Kujala, U.M. 2018, “Objectively measured physical 
DFWLYLW\SUR¿OHDQGFRJQLWLRQLQ)LQQLVKHOGHUO\WZLQV´$O]KHLPHU¶V	GHPHQWLD1HZ
<RUN1<vol. 4, pp. 263-271.
Iwasa, H., Yoshida, Y., Kai, I., Suzuki, T., Kim, H. & Yoshida, H. 2012, “Leisure activities 
and cognitive function in elderly community-dwelling individuals in Japan: a 5-year 
prospective cohort study”, Journal of psychosomatic research, vol. 72, no. 2, pp. 159-164.
Jansen, W.J., Ossenkoppele, R., Knol, D.L., Tijms, B.M., Scheltens, P., Verhey, F.R., Visser, 
P.J., Amyloid Biomarker Study Group, Aalten, P., Aarsland, D., Alcolea, D., Alexander, 
M., Almdahl, I.S., Arnold, S.E., Baldeiras, I., Barthel, H., van Berckel, B.N., Bibeau, K., 
Blennow, K., Brooks, D.J., van Buchem, M.A., Camus, V., Cavedo, E., Chen, K., Chetelat, 
G., Cohen, A.D., Drzezga, A., Engelborghs, S., Fagan, A.M., Fladby, T., Fleisher, A.S., 
van der Flier, W.M., Ford, L., Forster, S., Fortea, J., Foskett, N., Frederiksen, K.S., 
Freund-Levi, Y., Frisoni, G.B., Froelich, L., Gabryelewicz, T., Gill, K.D., Gkatzima, O., 
Gomez-Tortosa, E., Gordon, M.F., Grimmer, T., Hampel, H., Hausner, L., Hellwig, S., 
Herukka, S.K., Hildebrandt, H., Ishihara, L., Ivanoiu, A., Jagust, W.J., Johannsen, P., 
Kandimalla, R., Kapaki, E., Klimkowicz-Mrowiec, A., Klunk, W.E., Kohler, S., Koglin, N., 
Kornhuber, J., Kramberger, M.G., Van Laere, K., Landau, S.M., Lee, D.Y., de Leon, M., 
Lisetti, V., Lleo, A., Madsen, K., Maier, W., Marcusson, J., Mattsson, N., de Mendonca, 
121
A., Meulenbroek, O., Meyer, P.T., Mintun, M.A., Mok, V., Molinuevo, J.L., Mollergard, 
H.M., Morris, J.C., Mroczko, B., Van der Mussele, S., Na, D.L., Newberg, A., Nordberg, 
A., Nordlund, A., Novak, G.P., Paraskevas, G.P., Parnetti, L., Perera, G., Peters, O., Popp, 
J., Prabhakar, S., Rabinovici, G.D., Ramakers, I.H., Rami, L., Resende de Oliveira, C., 
Rinne, J.O., Rodrigue, K.M., Rodriguez-Rodriguez, E., Roe, C.M., Rot, U., Rowe, C.C., 
Ruther, E., Sabri, O., Sanchez-Juan, P., Santana, I., Sarazin, M., Schroder, J., Schutte, 
C., Seo, S.W., Soetewey, F., Soininen, H., Spiru, L., Struyfs, H., Teunissen, C.E., Tsolaki, 
M., Vandenberghe, R., Verbeek, M.M., Villemagne, V.L., Vos, S.J., van Waalwijk van 
Doorn, L.J., Waldemar, G., Wallin, A., Wallin, A.K., Wiltfang, J., Wolk, D.A., Zboch, M. 
& Zetterberg, H. 2015, “Prevalence of cerebral amyloid pathology in persons without 
dementia: a meta-analysis”, Jama, vol. 313, no. 19, pp. 1924-1938.
Järvenpää, T., Rinne, J.O., Räihä, I., Koskenvuo, M., Lopponen, M., Hinkka, S. & Kaprio, J. 
2002, “Characteristics of two telephone screens for cognitive impairment”, Dementia 
and geriatric cognitive disorders, vol. 13, no. 3, pp. 149-155.
Jedrziewski, M.K., Ewbank, D.C., Wang, H. & Trojanowski, J.Q. 2010, “Exercise and cognition: 
results from the National Long Term Care Survey”, Alzheimer’s & dementia : the journal 
of the Alzheimer’s Association, vol. 6, no. 6, pp. 448-455.
Joanna Briggs Institute 2010, “JBI QARI Critical appraisal checklist for interpretive & critical 
research”, vol. September.
Johansson, L., Guo, X., Waern, M., Ostling, S., Gustafson, D., Bengtsson, C. & Skoog, I. 2010, 
“Midlife psychological stress and risk of dementia: a 35-year longitudinal population 
study”, Brain : a journal of neurology, vol. 133, no. Pt 8, pp. 2217-2224.
Johnson, L.G., Butson, M.L., Polman, R.C., Raj, I.S., Borkoles, E., Scott, D., Aitken, D. & Jones, 
G. 2016, “Light physical activity is positively associated with cognitive performance in 
older community dwelling adults”, Journal of science and medicine in sport, vol. 19, 
no. 11, pp. 877-882.
Johnson, W., Krueger, R.F., Bouchard, T.J.,Jr & McGue, M. 2002, “The personalities of 
twins: just ordinary folks”, 7ZLQUHVHDUFKWKHRɤFLDO MRXUQDORIWKH,QWHUQDWLRQDO
Society for Twin Studies, vol. 5, no. 2, pp. 125-131.
Kaprio, J., Sarna, S., Koskenvuo, M. & Rantasalo, I. 1978a, “The Finnish Twin Registry: 
baseline characteristics. Section II. History of symptoms and illnesses, use of drugs, 
physical characteristics, smoking, alcohol and physical activity.” in University of 
Helsinki, Department of Public Health, Helsinki, pp. 120-120- 122.
Kaprio, J. 2013, “The Finnish Twin Cohort Study: an update”, Twin research and human 
JHQHWLFVWKHRɤFLDO MRXUQDORIWKH,QWHUQDWLRQDO6RFLHW\IRU7ZLQ6WXGLHVvol. 16, 
no. 1, pp. 157-162.
Kaprio, J. & Koskenvuo, M. 2002, “Genetic and environmental factors in complex diseases: 
the older Finnish Twin Cohort”, 7ZLQUHVHDUFKWKHRɤFLDOMRXUQDORIWKH,QWHUQDWLRQDO
Society for Twin Studies, vol. 5, no. 5, pp. 358-365.
Kaprio, J. & Koskenvuo, M. 1988, “A prospective study of psychological and socioeconomic 
characteristics, health behavior and morbidity in cigarette smokers prior to quitting 
compared to persistent smokers and non-smokers”, Journal of clinical epidemiology, 
vol. 41, no. 2, pp. 139-150.
Kaprio, J., Koskenvuo, M., Langinvainio, H., Romanov, K., Sarna, S. & Rose, R.J. 1987, 
³*HQHWLFLQÀXHQFHVRQXVHDQGDEXVHRIDOFRKRODVWXG\RIDGXOW)LQQLVKWZLQ
brothers”, $OFRKROLVP&OLQLFDODQG([SHULPHQWDO5HVHDUFKvol. 11, no. 4, pp. 349-356.
122
References
Kaprio, J., Sarna, S., Koskenvuo, M. & Rantasalo, I. 1978b, “The Finnish Twin Registry: 
formation and compilation, questionnaire study, zygosity determination procedures, 
and research program”, Progress in clinical and biological research, vol. 24 Pt B, pp. 
179-184.
Karch, C.M. & Goate, A.M. 2015, “Alzheimer’s disease risk genes and mechanisms of disease 
pathogenesis”, Biological psychiatry, vol. 77, no. 1, pp. 43-51.
Kåreholt, I., Lennartsson, C., Gatz, M. & Parker, M.G. 2011, “Baseline leisure time activity and 
cognition more than two decades later”, International journal of geriatric psychiatry, 
vol. 26, no. 1, pp. 65-74.
Karp, A., Paillard-Borg, S., Wang, H.X., Silverstein, M., Winblad, B. & Fratiglioni, L. 2006, 
“Mental, physical and social components in leisure activities equally contribute to 
decrease dementia risk”, Dementia and geriatric cognitive disorders, vol. 21, no. 2, 
pp. 65-73.
Karvinen, S., Waller, K., Silvennoinen, M., Koch, L.G., Britton, S.L., Kaprio, J., Kainulainen, 
H. & Kujala, U.M. 2015, “Physical activity in adulthood: genes and mortality”, 6FLHQWL¿F
reports, vol. 5, pp. 18259.
Kelly, M.E., Loughrey, D., Lawlor, B.A., Robertson, I.H., Walsh, C. & Brennan, S. 2014, “The 
impact of exercise on the cognitive functioning of healthy older adults: a systematic 
review and meta-analysis”, Ageing research reviews, vol. 16, pp. 12-31.
Kerr, J., Marshall, S.J., Patterson, R.E., Marinac, C.R., Natarajan, L., Rosenberg, D., 
Wasilenko, K. & Crist, K. 2013, “Objectively measured physical activity is related to 
cognitive function in older adults”, Journal of the American Geriatrics Society, vol. 
61, no. 11, pp. 1927-1931.
Khan, A., Kalaria, R.N., Corbett, A. & Ballard, C. 2016, “Update on Vascular Dementia”, 
Journal of geriatric psychiatry and neurology, vol. 29, no. 5, pp. 281-301.
Kilpeläinen, T. 2009, Physical Activity, Genetic Variation, and Type 2 Diabetes.
Kim, J.M., Stewart, R., Bae, K.Y., Kim, S.W., Yang, S.J., Park, K.H., Shin, I.S. & Yoon, J.S. 
2011, “Role of BDNF val66met polymorphism on the association between physical 
activity and incident dementia”, 1HXURELRORJ\RIDJLQJvol. 32, no. 3, pp. 551.e5-551.12.
Kirshner, H.S. 2014, “Frontotemporal dementia and primary progressive aphasia, a review”, 
1HXURSV\FKLDWULFGLVHDVHDQGWUHDWPHQWvol. 10, pp. 1045-1055.
Kishimoto, H., Ohara, T., Hata, J., Ninomiya, T., Yoshida, D., Mukai, N., Nagata, M., Ikeda, 
F., Fukuhara, M., Kumagai, S., Kanba, S., Kitazono, T. & Kiyohara, Y. 2016, “The long-
term association between physical activity and risk of dementia in the community: 
the Hisayama Study”, European journal of epidemiology, vol. 31, no. 3, pp. 267-274.
Kivimäki, M., Batty, G.D. & Singh-Manoux, A. 2015, “Pointing the FINGER at multimodal 
dementia prevention”, Lancet (London, England), vol. 386, no. 10004, pp. 1626-1627.
Kivimäki, M., Luukkonen, R., Batty, G.D., Ferrie, J.E., Pentti, J., Nyberg, S.T., Shipley, M.J., 
Alfredsson, L., Fransson, E.I., Goldberg, M., Knutsson, A., Koskenvuo, M., Kuosma, E., 
Nordin, M., Suominen, S.B., Theorell, T., Vuoksimaa, E., Westerholm, P., Westerlund, 
H., Zins, M., Kivipelto, M., Vahtera, J., Kaprio, J., Singh-Manoux, A. & Jokela, M. 2018, 
“Body mass index and risk of dementia: Analysis of individual-level data from 1.3 million 
individuals”, Alzheimer’s & dementia : the journal of the Alzheimer’s Association, vol. 
14, no. 5, pp. 601-609.
123
Kivimäki, M., Singh-Manoux, A., Pentti, J., Sabia, S., Nyberg, S.T., Alfredsson, L., Goldberg, 
M., Knutsson, A., Koskenvuo, M., Koskinen, A., Kouvonen, A., Nordin, M., Oksanen, T., 
Strandberg, T., Suominen, S.B., Theorell, T., Vahtera, J., Vaananen, A., Virtanen, M., 
Westerholm, P., Westerlund, H., Zins, M., Seshadri, S., Batty, G.D., Sipila, P.N., Shipley, 
M.J., Lindbohm, J.V., Ferrie, J.E., Jokela, M. & IPD-Work consortium 2019, “Physical 
inactivity, cardiometabolic disease, and risk of dementia: an individual-participant meta-
analysis”, BMJ (Clinical research ed.), vol. 365, pp. l1495.
Kivipelto, M., Mangialasche, F. & Ngandu, T. 2017, “Can lifestyle changes prevent cognitive 
impairment?”, 7KH/DQFHW1HXURORJ\vol. 16, no. 5, pp. 338-339.
Kivipelto, M., Mangialasche, F., Solomon, A. & FINGER Study Group 2015, “Pointing 
the FINGER at multimodal dementia prevention - Authors’ reply”, Lancet (London, 
England), vol. 386, no. 10004, pp. 1627-6736(15)00531-0.
Kivipelto, M. & Solomon, A. 2006, “Cholesterol as a risk factor for Alzheimer’s disease - 
epidemiological evidence”, Acta neurologica Scandinavica.Supplementum, vol. 185, 
pp. 50-57.
Kliegel, M., Martin, M. & Jager, T. 2007, “Development and validation of the Cognitive 
Telephone Screening Instrument (COGTEL) for the assessment of cognitive function 
across adulthood”, The Journal of psychology, vol. 141, no. 2, pp. 147-170.
Klimentidis, Y.C., Raichlen, D.A., Bea, J., Garcia, D.O., Wineinger, N.E., Mandarino, L.J., 
Alexander, G.E., Chen, Z. & Going, S.B. 2018, “Genome-wide association study of 
KDELWXDOSK\VLFDODFWLYLW\LQRYHU8.%LREDQNSDUWLFLSDQWVLGHQWL¿HVPXOWLSOH
variants including CADM2 and APOE”, International journal of obesity (2005), vol. 
42, no. 6, pp. 1161-1176.
Koster, A., Caserotti, P., Patel, K.V., Matthews, C.E., Berrigan, D., Van Domelen, D.R., Brychta, 
R.J., Chen, K.Y. & Harris, T.B. 2012, “Association of sedentary time with mortality 
independent of moderate to vigorous physical activity”, PloS one, vol. 7, no. 6, pp. e37696.
Kowalski, K., Rhodes, R., Naylor, P.J., Tuokko, H. & MacDonald, S. 2012, “Direct and indirect 
measurement of physical activity in older adults: a systematic review of the literature”, 
The international journal of behavioral nutrition and physical activity, vol. 9, pp. 
148-5868-9-148.
Krabbe, K.S., Nielsen, A.R., Krogh-Madsen, R., Plomgaard, P., Rasmussen, P., Erikstrup, C., 
Fischer, C.P., Lindegaard, B., Petersen, A.M., Taudorf, S., Secher, N.H., Pilegaard, H., 
Bruunsgaard, H. & Pedersen, B.K. 2007, “Brain-derived neurotrophic factor (BDNF) 
and type 2 diabetes”, Diabetologia, vol. 50, no. 2, pp. 431-438.
.XMDOD80.DSULR-	.RVNHQYXR0³0RGL¿DEOHULVNIDFWRUVDVSUHGLFWRUVRIDOO
cause mortality: the roles of genetics and childhood environment”, American Journal 
of Epidemiology, vol. 156, no. 11, pp. 985-993.
Kujala, U.M., Kaprio, J., Sarna, S. & Koskenvuo, M. 1998, “Relationship of leisure-time 
physical activity and mortality: the Finnish twin cohort”, Jama, vol. 279, no. 6, pp. 
440-444.
Kujala, U.M., Kaprio, J., Taimela, S. & Sarna, S. 1994, “Prevalence of diabetes, hypertension, 
and ischemic heart disease in former elite athletes”, Metabolism: clinical and 
H[SHULPHQWDOvol. 43, no. 10, pp. 1255-1260.
Kujala, U.M., Pietila, J., Myllymaki, T., Mutikainen, S., Fohr, T., Korhonen, I. & Helander, E. 
2017, “Physical Activity: Absolute Intensity versus Relative-to-Fitness-Level Volumes”, 
0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 49, no. 3, pp. 474-481.
124
References
Kujala, U.M., Sarna, S. & Kaprio, J. 2003, “Use of medications and dietary supplements in 
later years among male former top-level athletes”, Archives of Internal Medicine, vol. 
163, no. 9, pp. 1064-1068.
Kulmala, J., Solomon, A., Kåreholt, I., Ngandu, T., Rantanen, T., Laatikainen, T., Soininen, 
H., Tuomilehto, J. & Kivipelto, M. 2014, “Association between mid- to late life physical 
¿WQHVVDQGGHPHQWLDHYLGHQFHIURPWKH&$,'(VWXG\´Journal of internal medicine, 
vol. 276, no. 3, pp. 296-307.
Kumar, A., Singh, A. & Ekavali 2015, “A review on Alzheimer’s disease pathophysiology and 
its management: an update”, Pharmacological reports, vol. 67, no. 2, pp. 195-203.
Kyvik, K. 2000, “Generalisability and assumptions of twin studies.” in Advances in twin 
and sibpair analysis, eds. T. Spector, H. Snieder & A. MacGregor, Greenwich Medical 
Media, London, pp. 53-53-66.
Lacor, P.N., Buniel, M.C., Furlow, P.W., Clemente, A.S., Velasco, P.T., Wood, M., Viola, K.L. & 
Klein, W.L. 2007, “Abeta oligomer-induced aberrations in synapse composition, shape, 
and density provide a molecular basis for loss of connectivity in Alzheimer’s disease”, 
7KH-RXUQDORIQHXURVFLHQFHWKHRɤFLDOMRXUQDORIWKH6RFLHW\IRU1HXURVFLHQFHvol. 
27, no. 4, pp. 796-807.
Lahiri, D.K., Maloney, B. & Zawia, N.H. 2009, “The LEARn model: an epigenetic explanation 
for idiopathic neurobiological diseases”, Molecular psychiatry, vol. 14, no. 11, pp. 
992-1003.
Laitala, V.S., Kaprio, J., Koskenvuo, M., Räihä, I., Rinne, J.O. & Silventoinen, K. 2011, 
“Association and causal relationship of midlife obesity and related metabolic disorders 
with old age cognition”, Current Alzheimer research, vol. 8, no. 6, pp. 699-706.
/DLWDOD96.DSULR-	6LOYHQWRLQHQ.³*HQHWLFVRIFRɣHHFRQVXPSWLRQDQGLWV
stability”, Addiction (Abingdon, England), vol. 103, no. 12, pp. 2054-2061.
/DP/&2QJ3$'LNRW<6R¿DWLQ<:DQJ+=KDR0/L:'RPLQJXH]-
1DWLYLGDG%<XVRɣ6)X-/6HQDQDURQJ9)XQJ$:	/DL.³,QWHOOHFWXDO
and physical activities, but not social activities, are associated with better global 
cognition: a multi-site evaluation of the cognition and lifestyle activity study for seniors 
in Asia (CLASSA)”, Age and Ageing, vol. 44, no. 5, pp. 835-840.
Lampit, A. & Valenzuela, M. 2015, “Pointing the FINGER at multimodal dementia prevention”, 
Lancet (London, England), vol. 386, no. 10004, pp. 1625-1626.
Langa, K.M. 2015, “Is the risk of Alzheimer’s disease and dementia declining?”, Alzheimer’s 
research & therapy, vol. 7, no. 1, pp. 34-015-0118-1. eCollection 2015.
Larson, E.B., Wang, L., Bowen, J.D., McCormick, W.C., Teri, L., Crane, P. & Kukull, W. 2006, 
“Exercise is associated with reduced risk for incident dementia among persons 65 years 
of age and older”, Annals of Internal Medicine, vol. 144, no. 2, pp. 73-81.
Laurin, D., Verreault, R., Lindsay, J., MacPherson, K. & Rockwood, K. 2001, “Physical 
activity and risk of cognitive impairment and dementia in elderly persons”, Archives 
RI1HXURORJ\vol. 58, no. 3, pp. 498-504.
Lazarov, O., Robinson, J., Tang, Y.P., Hairston, I.S., Korade-Mirnics, Z., Lee, V.M., Hersh, 
L.B., Sapolsky, R.M., Mirnics, K. & Sisodia, S.S. 2005, “Environmental enrichment 
reduces Abeta levels and amyloid deposition in transgenic mice”, Cell, vol. 120, no. 5, 
pp. 701-713.
125
Leckie, R.L., Oberlin, L.E., Voss, M.W., Prakash, R.S., Szabo-Reed, A., Chaddock-Heyman, 
L., Phillips, S.M., Gothe, N.P., Mailey, E., Vieira-Potter, V.J., Martin, S.A., Pence, B.D., 
Lin, M., Parasuraman, R., Greenwood, P.M., Fryxell, K.J., Woods, J.A., McAuley, E., 
Kramer, A.F. & Erickson, K.I. 2014, “BDNF mediates improvements in executive 
function following a 1-year exercise intervention”, Frontiers in human neuroscience, 
vol. 8, pp. 985.
Lee, A.T., Richards, M., Chan, W.C., Chiu, H.F., Lee, R.S. & Lam, L.C. 2015, “Intensity and 
Types of Physical Exercise in Relation to Dementia Risk Reduction in Community-
Living Older Adults”, Journal of the American Medical Directors Association, vol. 16, 
no. 10, pp. 899.e1-899.e7.
Lee, I.M., Shiroma, E.J., Lobelo, F., Puska, P., Blair, S.N., Katzmarzyk, P.T. & Lancet Physical 
$FWLYLW\ 6HULHV:RUNLQJ*URXS  ³(ɣHFW RI SK\VLFDO LQDFWLYLW\ RQPDMRU QRQ
communicable diseases worldwide: an analysis of burden of disease and life expectancy”, 
Lancet (London, England), vol. 380, no. 9838, pp. 219-229.
Lee, S., Yuki, A., Nishita, Y., Tange, C., Kim, H., Kozakai, R., Ando, F. & Shimokata, H. 2013, 
“Research relationship between light-intensity physical activity and cognitive function 
in a community-dwelling elderly population-an 8-year longitudinal study”, Journal of 
the American Geriatrics Society, vol. 61, no. 3, pp. 452-453.
Lehtisalo, J., Lindstrom, J., Ngandu, T., Kivipelto, M., Ahtiluoto, S., Ilanne-Parikka, P., 
Keinanen-Kiukaanniemi, S., Eriksson, J.G., Uusitupa, M., Tuomilehto, J., Luchsinger, 
J. & Finnish Diabetes Prevention Study 2016, “Association of Long-Term Dietary Fat 
Intake, Exercise, and Weight with Later Cognitive Function in the Finnish Diabetes 
Prevention Study”, The journal of nutrition, health & aging, vol. 20, no. 2, pp. 146-154.
Leuzy, A., Chiotis, K., Lemoine, L., Gillberg, P.G., Almkvist, O., Rodriguez-Vieitez, E. 
& Nordberg, A. 2019, “Tau PET imaging in neurodegenerative tauopathies-still a 
challenge”, Molecular psychiatry, .
Li, G., Shen, Y.C., Chen, C.H., Zhau, Y.W., Li, S.R. & Lu, M. 1991, “A three-year follow-up study 
of age-related dementia in an urban area of Beijing”, Acta Psychiatrica Scandinavica, 
vol. 83, no. 2, pp. 99-104.
/L-:2¶&RQQRU+2¶'Z\HU1	2UU5³7KHHɣHFWRIDFXWHDQGFKURQLFH[HUFLVH
on cognitive function and academic performance in adolescents: A systematic review”, 
Journal of science and medicine in sport, vol. 20, no. 9, pp. 841-848.
Liang, K.Y., Mintun, M.A., Fagan, A.M., Goate, A.M., Bugg, J.M., Holtzman, D.M., Morris, 
J.C. & Head, D. 2010, “Exercise and Alzheimer’s disease biomarkers in cognitively 
normal older adults”, $QQDOVRI1HXURORJ\vol. 68, no. 3, pp. 311-318.
Lim, K. & Taylor, L. 2005, “Factors associated with physical activity among older people--a 
population-based study”, Preventive medicine, vol. 40, no. 1, pp. 33-40.
Lindsay, J., Laurin, D., Verreault, R., Hebert, R., Helliwell, B., Hill, G.B. & McDowell, I. 2002, 
“Risk factors for Alzheimer’s disease: a prospective analysis from the Canadian Study 
of Health and Aging”, American Journal of Epidemiology, vol. 156, no. 5, pp. 445-453.
Liu, R., Sui, X., Laditka, J.N., Church, T.S., Colabianchi, N., Hussey, J. & Blair, S.N. 2012, 
³&DUGLRUHVSLUDWRU\¿WQHVVDVDSUHGLFWRURIGHPHQWLDPRUWDOLW\LQPHQDQGZRPHQ´
0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 44, no. 2, pp. 253-259.
Liu-Ambrose, T. & Donaldson, M.G. 2009, “Exercise and cognition in older adults: is there 
a role for resistance training programmes?”, British journal of sports medicine, vol. 
43, no. 1, pp. 25-27.
126
References
Llamas-Velasco, S., Contador, I., Villarejo-Galende, A., Lora-Pablos, D. & Bermejo-Pareja, F. 
2015, “Physical Activity as Protective Factor against Dementia: A Prospective Population-
Based Study (NEDICES)”, -RXUQDORIWKH,QWHUQDWLRQDO1HXURSV\FKRORJLFDO6RFLHW\
-,16vol. 21, no. 10, pp. 861-867.
Llorens-Martin, M., Torres-Aleman, I. & Trejo, J.L. 2010, “Exercise modulates insulin-like 
JURZWKIDFWRUGHSHQGHQWDQGLQGHSHQGHQWHɣHFWVRQDGXOWKLSSRFDPSDOQHXURJHQHVLV
and behaviour”, Molecular and cellular neurosciences, vol. 44, no. 2, pp. 109-117.
Llorens-Martin, M., Torres-Aleman, I. & Trejo, J.L. 2008, “Growth factors as mediators of 
exercise actions on the brain”, 1HXURPROHFXODUPHGLFLQHvol. 10, no. 2, pp. 99-107.
Lobo, A., Saz, P., Marcos, G., Dia, J.L., De-la-Camara, C., Ventura, T., Montanes, J.A., Lobo-
Escolar, A., Aznar, S. & ZARADEMP Workgroup 2007, “Prevalence of dementia in a 
VRXWKHUQ(XURSHDQSRSXODWLRQLQWZRGLɣHUHQWWLPHSHULRGVWKH=$5$'(033URMHFW´
Acta Psychiatrica Scandinavica, vol. 116, no. 4, pp. 299-307.
Loos, R.J., Derom, C., Derom, R. & Vlietinck, R. 2005, “Determinants of birthweight and 
intrauterine growth in liveborn twins”, Paediatric and perinatal epidemiology, vol. 
19 Suppl 1, pp. 15-22.
Lopez-Lopez, C., LeRoith, D. & Torres-Aleman, I. 2004, “Insulin-like growth factor I is 
required for vessel remodeling in the adult brain”, 3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\
RI6FLHQFHVRIWKH8QLWHG6WDWHVRI$PHULFDvol. 101, no. 26, pp. 9833-9838.
Loy, C. & Schneider, L. 2006, “Galantamine for Alzheimer’s disease and mild cognitive 
impairment”, The Cochrane database of systematic reviews, vol. (1):CD001747. doi, 
no. 1, pp. CD001747.
Lu, D.C., Soriano, S., Bredesen, D.E., Koo, E.H 2003, “Caspase cleavage of the amyloid 
precursor protein modulates amyloid beta-protein toxicity”, -RXUQDORI1HXURFKHPLVWU\ 
vol. 87, no. 3, pp. 733-41.
Luchsinger, J.A., Lehtisalo, J., Lindstrom, J., Ngandu, T., Kivipelto, M., Ahtiluoto, S., Ilanne-
Parikka, P., Keinanen-Kiukaanniemi, S., Eriksson, J.G., Uusitupa, M., Tuomilehto, J. 
& Finnish Diabetes Prevention Study (DPS) 2015, “Cognition in the Finnish diabetes 
prevention study”, Diabetes research and clinical practice, vol. 108, no. 3, pp. e63-6.
Luck, T., Riedel-Heller, S.G., Luppa, M., Wiese, B., Kohler, M., Jessen, F., Bickel, H., Weyerer, 
S., Pentzek, M., Konig, H.H., Prokein, J., Ernst, A., Wagner, M., Mosch, E., Werle, J., 
Fuchs, A., Brettschneider, C., Scherer, M. & Maier, W. 2014, “Apolipoprotein E epsilon 
4 genotype and a physically active lifestyle in late life: analysis of gene-environment 
interaction for the risk of dementia and Alzheimer’s disease dementia”, Psychological 
medicine, vol. 44, no. 6, pp. 1319-1329.
Lytle, M.E., Vander Bilt, J., Pandav, R.S., Dodge, H.H. & Ganguli, M. 2004, “Exercise level and 
cognitive decline: the MoVIES project”, Alzheimer Disease and Associated Disorders, 
vol. 18, no. 2, pp. 57-64.
Maass, A., Duzel, S., Goerke, M., Becke, A., Sobieray, U., Neumann, K., Lovden, M., 
Lindenberger, U., Backman, L., Braun-Dullaeus, R., Ahrens, D., Heinze, H.J., Muller, 
N.G. & Duzel, E. 2015, “Vascular hippocampal plasticity after aerobic exercise in older 
adults”, Molecular psychiatry, vol. 20, no. 5, pp. 585-593.
MacGillivray, I., Campbell, D.M. & Thompson, B.(.). 1988, Twinning and twins, John Wiley, 
London.
127
Mahley, R.W. 1988, “Apolipoprotein E: cholesterol transport protein with expanding role in 
cell biology”, 6FLHQFH1HZ<RUN1<vol. 240, no. 4852, pp. 622-630.
Manly, J.J., Schupf, N., Stern, Y., Brickman, A.M., Tang, M.X. & Mayeux, R. 2011, “Telephone-
EDVHG LGHQWL¿FDWLRQRIPLOGFRJQLWLYH LPSDLUPHQWDQGGHPHQWLD LQDPXOWLFXOWXUDO
cohort”, $UFKLYHVRI1HXURORJ\vol. 68, no. 5, pp. 607-614.
Manton, K.C., Gu, X.L. & Ukraintseva, S.V. 2005, “Declining prevalence of dementia in the 
U.S. elderly population”, $GYDQFHV LQJHURQWRORJ\ 8VSHNKLJHURQWRORJLLvol. 16, 
pp. 30-37.
Marston, K.J., Newton, M.J., Brown, B.M., Rainey-Smith, S.R., Bird, S., Martins, R.N. 
	3HLɣHU--³,QWHQVHUHVLVWDQFHH[HUFLVH LQFUHDVHVSHULSKHUDOEUDLQGHULYHG
neurotrophic factor”, Journal of science and medicine in sport, vol. 20, no. 10, pp. 
899-903.
Martin, J.A., Hamilton, B.E., Sutton, P.D., Ventura, S.J., Menacker, F. & Munson, M.L. 2003, 
³%LUWKV¿QDOGDWDIRU´1DWLRQDOYLWDOVWDWLVWLFVUHSRUWVIURPWKH&HQWHUVIRU
'LVHDVH&RQWURODQG3UHYHQWLRQ1DWLRQDO&HQWHUIRU+HDOWK6WDWLVWLFV1DWLRQDO9LWDO
Statistics System, vol. 52, no. 10, pp. 1-113.
Martin-Khan, M., Wootton, R. & Gray, L. 2010, “A systematic review of the reliability of 
screening for cognitive impairment in older adults by use of standardised assessment 
tools administered via the telephone”, Journal of telemedicine and telecare, vol. 16, 
no. 8, pp. 422-428.
Matthews, C.E., Chen, K.Y., Freedson, P.S., Buchowski, M.S., Beech, B.M., Pate, R.R. & 
Troiano, R.P. 2008, “Amount of time spent in sedentary behaviors in the United States, 
2003-2004”, American Journal of Epidemiology, vol. 167, no. 7, pp. 875-881.
Matthews, F.E., Arthur, A., Barnes, L.E., Bond, J., Jagger, C., Robinson, L., Brayne, C. & 
Medical Research Council Cognitive Function and Ageing Collaboration 2013, “A two-
decade comparison of prevalence of dementia in individuals aged 65 years and older 
from three geographical areas of England: results of the Cognitive Function and Ageing 
Study I and II”, Lancet (London, England), vol. 382, no. 9902, pp. 1405-1412.
McCallum, J., Simons, L.A., Simons, J. & Friedlander, Y. 2007, “Delaying dementia and 
nursing home placement: the Dubbo study of elderly Australians over a 14-year follow-
up”, $QQDOVRIWKH1HZ<RUN$FDGHP\RI6FLHQFHVvol. 1114, pp. 121-129.
McKeith, I.G., Galasko, D., Kosaka, K., Perry, E.K., Dickson, D.W., Hansen, L.A., Salmon, 
D.P., Lowe, J., Mirra, S.S., Byrne, E.J., Lennox, G., Quinn, N.P., Edwardson, J.A., Ince, 
P.G., Bergeron, C., Burns, A., Miller, B.L., Lovestone, S., Collerton, D., Jansen, E.N., 
Ballard, C., de Vos, R.A., Wilcock, G.K., Jellinger, K.A. & Perry, R.H. 1996, “Consensus 
guidelines for the clinical and pathologic diagnosis of dementia with Lewy bodies (DLB): 
report of the consortium on DLB international workshop”, 1HXURORJ\vol. 47, no. 5, 
pp. 1113-1124.
McShane, R., Areosa Sastre, A. & Minakaran, N. 2006, “Memantine for dementia”, The 
Cochrane database of systematic reviews, vol. (2):CD003154. doi, no. 2, pp. CD003154.
Meeus, B., Theuns, J. & Van Broeckhoven, C. 2012, “The genetics of dementia with Lewy 
bodies: what are we missing?”, $UFKLYHVRI1HXURORJ\vol. 69, no. 9, pp. 1113-1118.
Meng, X. & D’Arcy, C. 2012, “Education and dementia in the context of the cognitive reserve 
hypothesis: a systematic review with meta-analyses and qualitative analyses”, PloS one, 
vol. 7, no. 6, pp. e38268.
128
References
Middleton, L., Kirkland, S. & Rockwood, K. 2008, “Prevention of CIND by physical activity: 
GLɣHUHQWLPSDFWRQ9&,1'FRPSDUHGZLWK0&,´Journal of the neurological sciences, 
vol. 269, no. 1-2, pp. 80-84.
Middleton, L.E., Manini, T.M., Simonsick, E.M., Harris, T.B., Barnes, D.E., Tylavsky, F., 
%UDFK-6(YHUKDUW-(	<DɣH.³$FWLYLW\HQHUJ\H[SHQGLWXUHDQGLQFLGHQW
cognitive impairment in older adults”, Archives of Internal Medicine, vol. 171, no. 14, 
pp. 1251-1257.
Middleton, L.E., Mitnitski, A., Fallah, N., Kirkland, S.A. & Rockwood, K. 2008, “Changes in 
cognition and mortality in relation to exercise in late life: a population based study”, 
PloS one, vol. 3, no. 9, pp. e3124.
Molendijk, M.L., Spinhoven, P., Polak, M., Bus, B.A., Penninx, B.W. & Elzinga, B.M. 2014, 
“Serum BDNF concentrations as peripheral manifestations of depression: evidence 
from a systematic review and meta-analyses on 179 associations (N=9484)”, Molecular 
psychiatry, vol. 19, no. 7, pp. 791-800.
Moll van Charante, E.P., Richard, E., Eurelings, L.S., van Dalen, J.W., Ligthart, S.A., 
van Bussel, E.F., Hoevenaar-Blom, M.P., Vermeulen, M. & van Gool, W.A. 2016, 
³(ɣHFWLYHQHVVRID\HDUPXOWLGRPDLQYDVFXODUFDUHLQWHUYHQWLRQWRSUHYHQWGHPHQWLD
(preDIVA): a cluster-randomised controlled trial”, Lancet (London, England), vol. 388, 
no. 10046, pp. 797-805.
0ROWHQL5<LQJ=	*RPH]3LQLOOD)³'LɣHUHQWLDOHɣHFWVRIDFXWHDQGFKURQLF
exercise on plasticity-related genes in the rat hippocampus revealed by microarray”, 
The European journal of neuroscience, vol. 16, no. 6, pp. 1107-1116.
Montero, D. & Lundby, C. 2017, “Refuting the myth of non-response to exercise training: 
‘non-responders’ do respond to higher dose of training”, The Journal of physiology, 
vol. 595, no. 11, pp. 3377-3387.
Montoye, H.J. & Gayle, R. 1978, “Familial relationships in maximal oxygen uptake”, Human 
biology, vol. 50, no. 3, pp. 241-249.
Moore, K.M., Girens, R.E., Larson, S.K., Jones, M.R., Restivo, J.L., Holtzman, D.M., Cirrito, 
J.R., Yuede, C.M., Zimmerman, S.D. & Timson, B.F. 2016, “A spectrum of exercise 
training reduces soluble Abeta in a dose-dependent manner in a mouse model of 
Alzheimer’s disease”, 1HXURELRORJ\RIGLVHDVHvol. 85, pp. 218-224.
Morgan, G.S., Gallacher, J., Bayer, A., Fish, M., Ebrahim, S. & Ben-Shlomo, Y. 2012, “Physical 
DFWLYLW\LQPLGGOHDJHDQGGHPHQWLDLQODWHUOLIH¿QGLQJVIURPDSURVSHFWLYHFRKRUWRI
men in Caerphilly, South Wales and a meta-analysis”, Journal of Alzheimer’s disease 
: JAD, vol. 31, no. 3, pp. 569-580.
Mosing, M.A., Lundholm, C., Cnattingius, S., Gatz, M. & Pedersen, N.L. 2018, “Associations 
between birth characteristics and age-related cognitive impairment and dementia: A 
registry-based cohort study”, PLoS medicine, vol. 15, no. 7, pp. e1002609.
Müller, S., Preische, O., Sohrabi, H.R., Graber, S., Jucker, M., Ringman, J.M., Martins, R.N., 
0F'DGH(6FKR¿HOG35*KHWWL%5RVVRU0)R[11*UDɣ5DGIRUG15
Levin, J., Danek, A., Voglein, J., Salloway, S., Xiong, C., Benzinger, T., Buckles, V., 
Masters, C.L., Sperling, R., Bateman, R.J., Morris, J.C., Laske, C. & Dominantly Inherited 
Alzheimer Network (DIAN) 2018, “Relationship between physical activity, cognition, 
and Alzheimer pathology in autosomal dominant Alzheimer’s disease”, Alzheimer’s & 
dementia : the journal of the Alzheimer’s Association, .
129
Mustelin, L., Joutsi, J., Latvala, A., Pietilainen, K.H., Rissanen, A. & Kaprio, J. 2012, “Genetic 
LQÀXHQFHVRQSK\VLFDODFWLYLW\LQ\RXQJDGXOWVDWZLQVWXG\´Medicine and science in 
VSRUWVDQGH[HUFLVHvol. 44, no. 7, pp. 1293-1301.
Mustelin, L., Latvala, A., Pietilainen, K.H., Piirila, P., Sovijarvi, A.R., Kujala, U.M., Rissanen, A. 
	.DSULR-³$VVRFLDWLRQVEHWZHHQVSRUWVSDUWLFLSDWLRQFDUGLRUHVSLUDWRU\¿WQHVV
and adiposity in young adult twins”, Journal of applied physiology (Bethesda, Md.: 
1985), vol. 110, no. 3, pp. 681-686.
Mustelin, L., Silventoinen, K., Pietilainen, K., Rissanen, A. & Kaprio, J. 2009, “Physical activity 
UHGXFHVWKHLQÀXHQFHRIJHQHWLFHɣHFWVRQ%0,DQGZDLVWFLUFXPIHUHQFHDVWXG\LQ
young adult twins”, International journal of obesity (2005), vol. 33, no. 1, pp. 29-36.
Mutikainen, S., Helander, E., Pietila, J., Korhonen, I. & Kujala, U.M. 2014, “Objectively 
measured physical activity in Finnish employees: a cross-sectional study”, BMJ open, 
vol. 4, no. 12, pp. e005927-2014-005927.
1DVFLPHQWR&03HUHLUD-5GH$QGUDGH/3*DUXɤ07DOLE//)RUOHQ]D29
Cancela, J.M., Cominetti, M.R. & Stella, F. 2014, “Physical exercise in MCI elderly 
SURPRWHVUHGXFWLRQRISURLQÀDPPDWRU\F\WRNLQHVDQGLPSURYHPHQWVRQFRJQLWLRQ
and BDNF peripheral levels”, Current Alzheimer research, vol. 11, no. 8, pp. 799-805.
National Institutes of Health 2003, 5HFRPPHQGHG$OFRKRO4XHVWLRQV Available: https://
www.niaaa.nih.gov/research/guidelines-and-resources/recommendedalcohol-
questions11 May 2019].
Neale, M. & Cardon, L. 1992, Methodology for Genetic Studies of Twins and Families, 
Springer Science & Business Media.
Neary, D., Snowden, J.S., Gustafson, L., Passant, U., Stuss, D., Black, S., Freedman, M., 
Kertesz, A., Robert, P.H., Albert, M., Boone, K., Miller, B.L., Cummings, J. & Benson, 
D.F. 1998, “Frontotemporal lobar degeneration: a consensus on clinical diagnostic 
criteria”, 1HXURORJ\vol. 51, no. 6, pp. 1546-1554.
Neeper, S.A., Gomez-Pinilla, F., Choi, J. & Cotman, C.W. 1996, “Physical activity increases 
mRNA for brain-derived neurotrophic factor and nerve growth factor in rat brain”, 
Brain research, vol. 726, no. 1-2, pp. 49-56.
Nervi, A., Reitz, C., Tang, M.X., Santana, V., Piriz, A., Reyes, D., Lantigua, R., Medrano, M., 
Jimenez-Velazquez, I.Z., Lee, J.H. & Mayeux, R. 2011, “Familial aggregation of dementia 
with Lewy bodies”, $UFKLYHVRI1HXURORJ\vol. 68, no. 1, pp. 90-93.
1HW] <'ZRODW]N\ 7 =LQNHU < $UJRY ( 	$JPRQ5  ³$HURELF ¿WQHVV DQG
multidomain cognitive function in advanced age”, International psychogeriatrics, 
vol. 23, no. 1, pp. 114-124.
1HZVRQ56	.HPSV(%³&DUGLRUHVSLUDWRU\¿WQHVVDVDSUHGLFWRURIVXFFHVVIXO
cognitive ageing”, -RXUQDORIFOLQLFDODQGH[SHULPHQWDOQHXURSV\FKRORJ\vol. 28, no. 
6, pp. 949-967.
Ngandu, T., Lehtisalo, J., Solomon, A., Levalahti, E., Ahtiluoto, S., Antikainen, R., Backman, 
L., Hanninen, T., Jula, A., Laatikainen, T., Lindstrom, J., Mangialasche, F., Paajanen, T., 
Pajala, S., Peltonen, M., Rauramaa, R., Stigsdotter-Neely, A., Strandberg, T., Tuomilehto, 
J., Soininen, H. & Kivipelto, M. 2015, “A 2 year multidomain intervention of diet, 
exercise, cognitive training, and vascular risk monitoring versus control to prevent 
cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial”, 
Lancet (London, England), vol. 385, no. 9984, pp. 2255-2263.
130
References
Nhan, H.S., Chiang, K., Koo, E.H. 2015 “The multifaceted nature of amyloid precursor protein 
and its proteolytic fragments: friends and foes”, $FWD1HXURSDWKRORJLFD vol. 129, no. 
1, pp. 1-19.
Nichol, K.E., Poon, W.W., Parachikova, A.I., Cribbs, D.H., Glabe, C.G. & Cotman, C.W. 
³([HUFLVHDOWHUVWKHLPPXQHSUR¿OHLQ7J$O]KHLPHUPLFHWRZDUGDUHVSRQVH
coincident with improved cognitive performance and decreased amyloid”, Journal of 
QHXURLQÀDPPDWLRQvol. 5, pp. 13-2094-5-13.
1LFKROV07RZQVHQG16FDUERURXJK3	5D\QHU0³7UHQGV LQDJHVSHFL¿F
coronary heart disease mortality in the European Union over three decades: 1980-
2009”, European heart journal, vol. 34, no. 39, pp. 3017-3027.
Niti, M., Yap, K.B., Kua, E.H., Tan, C.H. & Ng, T.P. 2008, “Physical, social and productive 
leisure activities, cognitive decline and interaction with APOE-epsilon 4 genotype in 
Chinese older adults”, International psychogeriatrics, vol. 20, no. 2, pp. 237-251.
Nokia, M.S., Lensu, S., Ahtiainen, J.P., Johansson, P.P., Koch, L.G., Britton, S.L. & 
Kainulainen, H. 2016, “Physical exercise increases adult hippocampal neurogenesis in 
male rats provided it is aerobic and sustained”, The Journal of physiology, vol. 594, 
no. 7, pp. 1855-1873.
Norrving, B. 2003, “Long-term prognosis after lacunar infarction”, /DQFHW1HXURORJ\vol. 
2, no. 4, pp. 238-245.
Northey, J.M., Cherbuin, N., Pumpa, K.L., Smee, D.J. & Rattray, B. 2018, “Exercise 
interventions for cognitive function in adults older than 50: a systematic review with 
meta-analysis”, British journal of sports medicine, vol. 52, no. 3, pp. 154-160.
Northey, J.M., Cherbuin, N., Pumpa, K.L., Smee, D.J. & Rattray, B. 2017, “Exercise 
interventions for cognitive function in adults older than 50: a systematic review with 
meta-analysis”, British journal of sports medicine, .
1RUWRQ60DWWKHZV)(%DUQHV'(<DɣH.	%UD\QH&³3RWHQWLDOIRUSULPDU\
prevention of Alzheimer’s disease: an analysis of population-based data”, The Lancet.
1HXURORJ\vol. 13, no. 8, pp. 788-794.
Norton, S., Matthews, F.E. & Brayne, C. 2013, “A commentary on studies presenting 
projections of the future prevalence of dementia”, BMC public health, vol. 13, pp. 
1-2458-13-1.
O’Brien, J.T., Erkinjuntti, T., Reisberg, B., Roman, G., Sawada, T., Pantoni, L., Bowler, J.V., 
Ballard, C., DeCarli, C., Gorelick, P.B., Rockwood, K., Burns, A., Gauthier, S. & DeKosky, 
S.T. 2003, “Vascular cognitive impairment”, 7KH/DQFHW1HXURORJ\vol. 2, no. 2, pp. 
89-98.
Öhman, H., Savikko, N., Strandberg, T.E., Kautiainen, H., Raivio, M.M., Laakkonen, M.L., 
7LOYLV5	3LWNDOD.+³(ɣHFWVRI([HUFLVHRQ&RJQLWLRQ7KH)LQQLVK$O]KHLPHU
Disease Exercise Trial: A Randomized, Controlled Trial”, Journal of the American 
Geriatrics Society, vol. 64, no. 4, pp. 731-738.
gKPDQ+6DYLNNR16WUDQGEHUJ7(	3LWNDOD.+³(ɣHFWRISK\VLFDOH[HUFLVH
on cognitive performance in older adults with mild cognitive impairment or dementia: 
a systematic review”, Dementia and geriatric cognitive disorders, vol. 38, no. 5-6, pp. 
347-365.
Olsson, B., Lautner, R., Andreasson, U., Ohrfelt, A., Portelius, E., Bjerke, M., Holtta, M., Rosen, 
C., Olsson, C., Strobel, G., Wu, E., Dakin, K., Petzold, M., Blennow, K. & Zetterberg, H. 
131
2016, “CSF and blood biomarkers for the diagnosis of Alzheimer’s disease: a systematic 
review and meta-analysis”, 7KH/DQFHW1HXURORJ\vol. 15, no. 7, pp. 673-684.
Ownby, R.L., Crocco, E., Acevedo, A., John, V. & Loewenstein, D. 2006, “Depression and risk 
for Alzheimer disease: systematic review, meta-analysis, and metaregression analysis”, 
Archives of General Psychiatry, vol. 63, no. 5, pp. 530-538.
Oxford University Press 2018, (QJOLVK2[IRUG/LYLQJ'LFWLRQDULHV [Homepage of Oxford 
8QLYHUVLW\3UHVV@>2QOLQH@$YDLODEOHKWWSVHQR[IRUGGLFWLRQDULHVFRPGH¿QLWLRQ
cognition29th October 2018].
Paganini-Hill, A., Kawas, C.H. & Corrada, M.M. 2016, “Lifestyle Factors and Dementia in 
the Oldest-old: The 90+ Study”, Alzheimer Disease and Associated Disorders, vol. 
30, no. 1, pp. 21-26.
Panizzon, M.S., Vuoksimaa, E., Spoon, K.M., Jacobson, K.C., Lyons, M.J., Franz, C.E., Xian, 
+9DVLORSRXORV7	.UHPHQ:6³*HQHWLFDQG(QYLURQPHQWDO,QÀXHQFHVRI
General Cognitive Ability: Is g a valid latent construct?”, Intelligence, vol. 43, pp. 65-76.
Patten, A.R., Sickmann, H., Hryciw, B.N., Kucharsky, T., Parton, R., Kernick, A. & Christie, B.R. 
2013, “Long-term exercise is needed to enhance synaptic plasticity in the hippocampus”, 
/HDUQLQJ	PHPRU\&ROG6SULQJ+DUERU1<vol. 20, no. 11, pp. 642-647.
Peluso, M.A. & Guerra de Andrade, L.H. 2005, “Physical activity and mental health: the 
association between exercise and mood”, Clinics (Sao Paulo, Brazil), vol. 60, no. 1, 
pp. 61-70.
Pereira, A.C., Huddleston, D.E., Brickman, A.M., Sosunov, A.A., Hen, R., McKhann, G.M., 
Sloan, R., Gage, F.H., Brown, T.R. & Small, S.A. 2007, “An in vivo correlate of exercise-
induced neurogenesis in the adult dentate gyrus”, 3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\
RI6FLHQFHVRIWKH8QLWHG6WDWHVRI$PHULFDvol. 104, no. 13, pp. 5638-5643.
Perry, D.C., Sturm, V.E., Peterson, M.J., Pieper, C.F., Bullock, T., Boeve, B.F., Miller, B.L., 
Guskiewicz, K.M., Berger, M.S., Kramer, J.H. & Welsh-Bohmer, K.A. 2016, “Association 
of traumatic brain injury with subsequent neurological and psychiatric disease: a meta-
analysis”, Journal of neurosurgery, vol. 124, no. 2, pp. 511-526.
Petersen, R.C., Caracciolo, B., Brayne, C., Gauthier, S., Jelic, V. & Fratiglioni, L. 2014, “Mild 
cognitive impairment: a concept in evolution”, Journal of internal medicine, vol. 275, 
no. 3, pp. 214-228.
Pignatti, F., Rozzini, R. & Trabucchi, M. 2002, “Physical activity and cognitive decline in 
elderly persons”, Archives of Internal Medicine, vol. 162, no. 3, pp. 361-362.
Piirtola, M., Kaprio, J., Waller, K., Heikkilä, K., Koskenvuo, M., Svedberg, P., Silventoinen, 
K., Kujala, U.M. & Ropponen, A. 2017, “Leisure-time physical inactivity and association 
with body mass index: a Finnish Twin Study with a 35-year follow-up”, International 
journal of epidemiology, vol. 46, no. 1, pp. 116-127.
Pinto Pereira, S.M., Ki, M. & Power, C. 2012, “Sedentary behaviour and biomarkers for 
cardiovascular disease and diabetes in mid-life: the role of television-viewing and sitting 
at work”, PloS one, vol. 7, no. 2, pp. e31132.
Pizzie, R., Hindman, H., Roe, C.M., Head, D., Grant, E., Morris, J.C. & Hassenstab, J.J. 
2014, “Physical activity and cognitive trajectories in cognitively normal adults: the adult 
children study”, Alzheimer Disease and Associated Disorders, vol. 28, no. 1, pp. 50-57.
132
References
Plassman, B.L., Williams, J.W.,Jr, Burke, J.R., Holsinger, T. & Benjamin, S. 2010, “Systematic 
review: factors associated with risk for and possible prevention of cognitive decline in 
later life”, Annals of Internal Medicine, vol. 153, no. 3, pp. 182-193.
Plomin, R. & von Stumm, S. 2018, “The new genetics of intelligence”, 1DWXUHUHYLHZV
Genetics, vol. 19, no. 3, pp. 148-159.
Po, K., Leslie, F.V., Gracia, N., Bartley, L., Kwok, J.B., Halliday, G.M., Hodges, J.R. & Burrell, 
J.R. 2014, “Heritability in frontotemporal dementia: more missing pieces?”, Journal 
of neurology, vol. 261, no. 11, pp. 2170-2177.
Podewils, L.J., Guallar, E., Kuller, L.H., Fried, L.P., Lopez, O.L., Carlson, M. & Lyketsos, 
&*³3K\VLFDODFWLYLW\$32(JHQRW\SHDQGGHPHQWLDULVN¿QGLQJVIURPWKH
Cardiovascular Health Cognition Study”, American Journal of Epidemiology, vol. 161, 
no. 7, pp. 639-651.
Polderman, T.J., Benyamin, B., de Leeuw, C.A., Sullivan, P.F., van Bochoven, A., Visscher, 
P.M. & Posthuma, D. 2015, “Meta-analysis of the heritability of human traits based on 
¿IW\\HDUVRIWZLQVWXGLHV´1DWXUHJHQHWLFVvol. 47, no. 7, pp. 702-709.
Poranen-Clark, T. 2018, 5HODWLRQVKLSEHWZHHQFRJQLWLYHSHUIRUPDQFHDQGPRELOLW\RYHU
the lifecourse.
Power, M.C., Rawlings, A., Sharrett, A.R., Bandeen-Roche, K., Coresh, J., Ballantyne, C.M., 
Pokharel, Y., Michos, E.D., Penman, A., Alonso, A., Knopman, D., Mosley, T.H. & 
Gottesman, R.F. 2018, “Association of midlife lipids with 20-year cognitive change: A 
cohort study”, Alzheimer’s & dementia : the journal of the Alzheimer’s Association, 
vol. 14, no. 2, pp. 167-177.
Prince, M., Albanese, E., Guerchet, M. & Prina, M. 2014, “World Alzheimer Report 
'HPHQWLD DQG 5LVN 5HGXFWLRQ²$Q $QDO\VLV RI 3URWHFWLYH DQG 0RGL¿DEOH
Factors. “, .
Prince, M., Ali, G.C., Guerchet, M., Prina, A.M., Albanese, E. & Wu, Y.T. 2016, “Recent 
global trends in the prevalence and incidence of dementia, and survival with dementia”, 
Alzheimer’s research & therapy, vol. 8, no. 1, pp. 23-016-0188-8.
Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W. & Ferri, C.P. 2013, “The global 
prevalence of dementia: a systematic review and metaanalysis”, Alzheimer’s & dementia 
: the journal of the Alzheimer’s Association, vol. 9, no. 1, pp. 63-75.e2.
Prince, S.A., Adamo, K.B., Hamel, M.E., Hardt, J., Connor Gorber, S. & Tremblay, M. 2008, 
“A comparison of direct versus self-report measures for assessing physical activity in 
adults: a systematic review”, The international journal of behavioral nutrition and 
physical activity, vol. 5, pp. 56-5868-5-56.
Psaltopoulou, T., Kyrozis, A., Stathopoulos, P., Trichopoulos, D., Vassilopoulos, D. & 
Trichopoulou, A. 2008, “Diet, physical activity and cognitive impairment among 
elders: the EPIC-Greece cohort (European Prospective Investigation into Cancer and 
Nutrition)”, Public health nutrition, vol. 11, no. 10, pp. 1054-1062.
Pulkkinen, L., Vaalamo, I., Hietala, R., Kaprio, J. & Rose, R.J. 2003, “Peer reports of adaptive 
behavior in twins and singletons: is twinship a risk or an advantage?”, Twin research : the 
RɤFLDOMRXUQDORIWKH,QWHUQDWLRQDO6RFLHW\IRU7ZLQ6WXGLHVvol. 6, no. 2, pp. 106-118.
Qiu, C., De Ronchi, D. & Fratiglioni, L. 2007, “The epidemiology of the dementias: an update”, 
Current opinion in psychiatry, vol. 20, no. 4, pp. 380-385.
133
Qiu, C., Winblad, B. & Fratiglioni, L. 2005, “The age-dependent relation of blood pressure 
to cognitive function and dementia”, 7KH/DQFHW1HXURORJ\vol. 4, no. 8, pp. 487-499.
Querfurth, H.W., LaFerla, F.M. 2010 “Alzheimer’s disease”, 7KH1HZ(QJODQG-RXUQDORI
Medicine, vol. 362, no. 4, pp. 329-44.
Radak, Z., Suzuki, K., Higuchi, M., Balogh, L., Boldogh, I. & Koltai, E. 2016, “Physical exercise, 
reactive oxygen species and neuroprotection”, Free radical biology & medicine, vol. 
98, pp. 187-196.
Rahimi, J. & Kovacs, G.G. 2014, “Prevalence of mixed pathologies in the aging brain”, 
Alzheimer’s research & therapy, vol. 6, no. 9, pp. 82-014-0082-1. eCollection 2014.
Räihä, I., Kaprio, J., Koskenvuo, M., Rajala, T. & Sourander, L. 1996, “Alzheimer’s disease 
in Finnish twins”, Lancet (London, England), vol. 347, no. 9001, pp. 573-578.
Rajan, K.B., Barnes, L.L., Skarupski, K.A., Mendes de Leon, C.F., Wilson, R.S. & Evans, D.A. 
2015, “Physical and Cognitive Activities as Deterrents of Cognitive Decline in a Biracial 
Population Sample”, 7KH$PHULFDQ-RXUQDORI*HULDWULF3V\FKLDWU\2ɤFLDO-RXUQDO
of the American Association for Geriatric Psychiatry, vol. 23, no. 12, pp. 1225-1233.
Rasmussen, P., Brassard, P., Adser, H., Pedersen, M.V., Leick, L., Hart, E., Secher, N.H., 
Pedersen, B.K. & Pilegaard, H. 2009, “Evidence for a release of brain-derived 
neurotrophic factor from the brain during exercise”, ([SHULPHQWDOSK\VLRORJ\vol. 
94, no. 10, pp. 1062-1069.
Ravaglia, G., Forti, P., Lucicesare, A., Pisacane, N., Rietti, E., Bianchin, M. & Dalmonte, E. 
³3K\VLFDODFWLYLW\DQGGHPHQWLDULVNLQWKHHOGHUO\¿QGLQJVIURPDSURVSHFWLYH
Italian study”, 1HXURORJ\vol. 70, no. 19 Pt 2, pp. 1786-1794.
Reitan, R. & Wolfson, D.(.). 1993, 7KH+DOVWHDG5HLWDQ1HXURSV\FKRORJLF7HVW%DWWHU\
Theory and clinical interpretation. Neuropsychology Press, Tuscon, AZ.
Remes, A., Hallikainen, M. & Erkinjuntti, T. 2015, “Clinical presentation and diagnosis of 
Alzheimer’s disease “ in Memory disorders, eds. T. Erkinjuntti, A. Remes, J. Rinne & 
H. Soininen, 2nd edn, Duodecim Medical Publications Ltd, , pp. 119-119-135.
Richard, E., Andrieu, S., Solomon, A., Mangialasche, F., Ahtiluoto, S., Moll van Charante, 
E.P., Coley, N., Fratiglioni, L., Neely, A.S., Vellas, B., van Gool, W.A. & Kivipelto, M. 
2012, “Methodological challenges in designing dementia prevention trials - the European 
Dementia Prevention Initiative (EDPI)”, Journal of the neurological sciences, vol. 322, 
no. 1-2, pp. 64-70.
Richards, M., Hardy, R. & Wadsworth, M.E. 2003, “Does active leisure protect cognition? 
Evidence from a national birth cohort”, Social science & medicine (1982), vol. 56, no. 
4, pp. 785-792.
Rijsdijk, F.V. & Sham, P.C. 2002, “Analytic approaches to twin data using structural equation 
models”, %ULH¿QJVLQELRLQIRUPDWLFVvol. 3, no. 2, pp. 119-133.
Rinne, J., Rosenvall, A., Erkinjuntti, T., Koponen, H., Löppönen, M., Raivio, M., Strandberg, 
T., Vanninen, R., Vataja, R., Tuunainen, A., Hartikainen, S., Hietanen, M., Hänninen, 
T., Kivipelto, M., Melkas, S., Ojala, M., Pitkälä, K. & Voutilainen, P. 2010, , Memory 
'LVRUGHUVRQOLQH&XUUHQW&DUH*XLGHOLQHV:RUNLQJJURXSVHWXSE\WKH)LQQLVK
Medical Society Duodecim and the Finnish Cardiac Society. Helsinki: The Finnish 
Medical Society Duodecim, 2010 (referred October 7th, 2016). Available online at: 
ZZZND\SDKRLWR¿.
134
References
Robertson, J.D., Maughan, R.J., Duthie, G.G. & Morrice, P.C. 1991, “Increased blood 
antioxidant systems of runners in response to training load”, Clinical science (London, 
England : 1979), vol. 80, no. 6, pp. 611-618.
Rocca, W.A., Petersen, R.C., Knopman, D.S., Hebert, L.E., Evans, D.A., Hall, K.S., Gao, S., 
Unverzagt, F.W., Langa, K.M., Larson, E.B. & White, L.R. 2011, “Trends in the incidence 
and prevalence of Alzheimer’s disease, dementia, and cognitive impairment in the United 
States”, Alzheimer’s & dementia : the journal of the Alzheimer’s Association, vol. 7, 
no. 1, pp. 80-93.
Roccaforte, W.H., Burke, W.J., Bayer, B.L. & Wengel, S.P. 1992, “Validation of a telephone 
version of the mini-mental state examination”, Journal of the American Geriatrics 
Society, vol. 40, no. 7, pp. 697-702.
Rocchi, A., Pellegrini, S., Siciliano, G. & Murri, L. 2003, “Causative and susceptibility genes 
for Alzheimer’s disease: a review”, Brain research bulletin, vol. 61, no. 1, pp. 1-24.
Rogers, R.L., Meyer, J.S. & Mortel, K.F. 1990, “After reaching retirement age physical activity 
sustains cerebral perfusion and cognition”, Journal of the American Geriatrics Society, 
vol. 38, no. 2, pp. 123-128.
Rohrer, J.D., Guerreiro, R., Vandrovcova, J., Uphill, J., Reiman, D., Beck, J., Isaacs, A.M., 
Authier, A., Ferrari, R., Fox, N.C., Mackenzie, I.R., Warren, J.D., de Silva, R., Holton, 
J., Revesz, T., Hardy, J., Mead, S. & Rossor, M.N. 2009, “The heritability and genetics 
of frontotemporal lobar degeneration”, 1HXURORJ\vol. 73, no. 18, pp. 1451-1456.
Roivainen, E. 2015, ”Aikuisen lievä älyllinen kehitysvammaisuus ja älykyystestit”, 
Lääketieteellinen Aikakauskirja Duodecim, vol. 131, pp. 475-9.
Rose, R.J., Koskenvuo, M., Kaprio, J., Sarna, S. & Langinvainio, H. 1988, “Shared genes, 
shared experiences, and similarity of personality: data from 14,288 adult Finnish co-
twins”, Journal of personality and social psychology, vol. 54, no. 1, pp. 161-171.
Rosenberger, M.E., Haskell, W.L., Albinali, F., Mota, S., Nawyn, J. & Intille, S. 2013, 
“Estimating activity and sedentary behavior from an accelerometer on the hip or wrist”, 
0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 45, no. 5, pp. 964-975.
Rosengren, A., Giang, K.W., Lappas, G., Jern, C., Toren, K. & Bjorck, L. 2013, “Twenty-four-
year trends in the incidence of ischemic stroke in Sweden from 1987 to 2010”, Stroke, 
vol. 44, no. 9, pp. 2388-2393.
Rosness, T.A., Strand, B.H., Bergem, A.L., Engedal, K. & Bjertness, E. 2014, “Associations 
between Physical Activity in Old Age and Dementia-Related Mortality: A Population-
Based Cohort Study”, 'HPHQWLDDQGJHULDWULFFRJQLWLYHGLVRUGHUVH[WUDvol. 4, no. 3, 
pp. 410-418.
Rottensteiner, M., Leskinen, T., Niskanen, E., Aaltonen, S., Mutikainen, S., Wikgren, J., 
Heikkilä, K., Kovanen, V., Kainulainen, H., Kaprio, J., Tarkka, I.M. & Kujala, U.M. 
³3K\VLFDODFWLYLW\¿WQHVVJOXFRVHKRPHRVWDVLVDQGEUDLQPRUSKRORJ\LQWZLQV´
0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 47, no. 3, pp. 509-518.
Rovio, S., Kåreholt, I., Helkala, E.L., Viitanen, M., Winblad, B., Tuomilehto, J., Soininen, H., 
Nissinen, A. & Kivipelto, M. 2005, “Leisure-time physical activity at midlife and the risk 
of dementia and Alzheimer’s disease”, 7KH/DQFHW1HXURORJ\vol. 4, no. 11, pp. 705-711.
Rovio, S., Kåreholt, I., Viitanen, M., Winblad, B., Tuomilehto, J., Soininen, H., Nissinen, 
A. & Kivipelto, M. 2007, “Work-related physical activity and the risk of dementia and 
135
Alzheimer’s disease”, International journal of geriatric psychiatry, vol. 22, no. 9, pp. 
874-882.
Rovio, S., Spulber, G., Nieminen, L.J., Niskanen, E., Winblad, B., Tuomilehto, J., Nissinen, A., 
6RLQLQHQ+	.LYLSHOWR0³7KHHɣHFWRIPLGOLIHSK\VLFDODFWLYLW\RQVWUXFWXUDO
brain changes in the elderly”, 1HXURELRORJ\RIDJLQJvol. 31, no. 11, pp. 1927-1936.
Sabia, S., Dugravot, A., Dartigues, J.F., Abell, J., Elbaz, A., Kivimäki, M. & Singh-Manoux, 
A. 2017, “Physical activity, cognitive decline, and risk of dementia: 28 year follow-up 
of Whitehall II cohort study”, BMJ (Clinical research ed.), vol. 357, pp. j2709.
Sabia, S., Fayosse, A., Dumurgier, J., Dugravot, A., Akbaraly, T., Britton, A., Kivimäki, M. & 
Singh-Manoux, A. 2018, “Alcohol consumption and risk of dementia: 23 year follow-up 
of Whitehall II cohort study”, BMJ (Clinical research ed.), vol. 362, pp. k2927.
Sachdev, P.S., Blacker, D., Blazer, D.G., Ganguli, M., Jeste, D.V., Paulsen, J.S. & Petersen, 
R.C. 2014, “Classifying neurocognitive disorders: the DSM-5 approach”, 1DWXUHUHYLHZV
1HXURORJ\vol. 10, no. 11, pp. 634-642.
Saez de Asteasu, M.L., Martinez-Velilla, N., Zambom-Ferraresi, F., Casas-Herrero, A. & 
Izquierdo, M. 2017, “Role of physical exercise on cognitive function in healthy older 
adults: A systematic review of randomized clinical trials”, Ageing research reviews, 
vol. 37, pp. 117-134.
6DLGM0-RUJHQVHQ7-DFREVHQ5./LQQHEHUJ$	$DGDKO0³'LɣHUHQWLDO
cross-sectional associations of work- and leisure-time sitting, with cardiorespiratory and 
PXVFXODU¿WQHVVDPRQJZRUNLQJDGXOWV´Scandinavian journal of work, environment 
& health, vol. 40, no. 5, pp. 531-538.
Saidj, M., Jorgensen, T., Jacobsen, R.K., Linneberg, A. & Aadahl, M. 2013, “Separate and 
joint associations of occupational and leisure-time sitting with cardio-metabolic risk 
factors in working adults: a cross-sectional study”, PloS one, vol. 8, no. 8, pp. e70213.
Saint-Maurice, P.F., Troiano, R.P., Berrigan, D., Kraus, W.E. & Matthews, C.E. 2018, “Volume 
RI/LJKW9HUVXV0RGHUDWHWR9LJRURXV3K\VLFDO$FWLYLW\6LPLODU%HQH¿WVIRU$OO&DXVH
Mortality?”, Journal of the American Heart Association, vol. 7, no. 7, pp. 10.1161/
JAHA.118.008815.
Santos-Lozano, A., Pareja-Galeano, H., Sanchis-Gomar, F., Quindos-Rubial, M., Fiuza-Luces, 
C., Cristi-Montero, C., Emanuele, E., Garatachea, N. & Lucia, A. 2016, “Physical Activity 
and Alzheimer Disease: A Protective Association”, Mayo Clinic proceedings, vol. 91, 
no. 8, pp. 999-1020.
Sarna, S., Kaprio, J., Sistonen, P. & Koskenvuo, M. 1978, “Diagnosis of twin zygosity by 
mailed questionnaire”, Human heredity, vol. 28, no. 4, pp. 241-254.
Sarzynski, M.A., Loos, R.J., Lucia, A., Perusse, L., Roth, S.M., Wolfarth, B., Rankinen, T. 
& Bouchard, C. 2016, “Advances in Exercise, Fitness, and Performance Genomics in 
2015”, 0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 48, no. 10, pp. 1906-1916.
Scarmeas, N., Luchsinger, J.A., Schupf, N., Brickman, A.M., Cosentino, S., Tang, M.X. & 
Stern, Y. 2009, “Physical activity, diet, and risk of Alzheimer disease”, Jama, vol. 302, 
no. 6, pp. 627-637.
Scheltens, P., Blennow, K., Breteler, M.M., de Strooper, B., Frisoni, G.B., Salloway, S. & Van 
der Flier, W.M. 2016, “Alzheimer’s disease”, Lancet (London, England), vol. 388, no. 
10043, pp. 505-517.
136
References
Schmidt, R., Schmidt, H., Curb, J.D., Masaki, K., White, L.R. & Launer, L.J. 2002, “Early 
LQÀDPPDWLRQDQGGHPHQWLDD\HDUIROORZXSRIWKH+RQROXOX$VLD$JLQJ6WXG\´
$QQDOVRI1HXURORJ\vol. 52, no. 2, pp. 168-174.
Schmidt, R., Schmidt, H., Haybaeck, J., Loitfelder, M., Weis, S., Cavalieri, M., Seiler, S., 
Enzinger, C., Ropele, S., Erkinjuntti, T., Pantoni, L., Scheltens, P., Fazekas, F. & Jellinger, 
K. 2011, “Heterogeneity in age-related white matter changes”, $FWD1HXURSDWKRORJLFD
vol. 122, no. 2, pp. 171-185.
Schobersberger, W., Hobisch-Hagen, P., Fries, D., Wiedermann, F., Rieder-Scharinger, J., 
Villiger, B., Frey, W., Herold, M., Fuchs, D. & Jelkmann, W. 2000, “Increase in immune 
activation, vascular endothelial growth factor and erythropoietin after an ultramarathon 
run at moderate altitude”, Immunobiology, vol. 201, no. 5, pp. 611-620.
Schrijvers, E.M., Verhaaren, B.F., Koudstaal, P.J., Hofman, A., Ikram, M.A. & Breteler, M.M. 
2012, “Is dementia incidence declining?: Trends in dementia incidence since 1990 in 
the Rotterdam Study”, 1HXURORJ\vol. 78, no. 19, pp. 1456-1463.
Schuit, A.J., Feskens, E.J., Launer, L.J. & Kromhout, D. 2001, “Physical activity and cognitive 
decline, the role of the apolipoprotein e4 allele”, Medicine and science in sports and 
H[HUFLVHvol. 33, no. 5, pp. 772-777.
Scott, S.P., DE Souza, M.J., Koehler, K., Petkus, D.L. & Murray-Kolb, L.E. 2016, 
“Cardiorespiratory Fitness Is Associated with Better Executive Function in Young 
Women”, 0HGLFLQHDQGVFLHQFHLQVSRUWVDQGH[HUFLVHvol. 48, no. 10, pp. 1994-2002.
Sexton, C.E., Betts, J.F., Demnitz, N., Dawes, H., Ebmeier, K.P. & Johansen-Berg, H. 2016, 
³$V\VWHPDWLFUHYLHZRI05,VWXGLHVH[DPLQLQJWKHUHODWLRQVKLSEHWZHHQSK\VLFDO¿WQHVV
and activity and the white matter of the ageing brain”, 1HXUR,PDJHvol. 131, pp. 81-90.
Shankar, G.M., Li, S., Mehta, T.H., Garcia-Munoz, A., Shepardson, N.E., Smith, I., Brett, 
F.M., Farrell, M.A., Rowan, M.J., Lemere, C.A., Regan, C.M., Walsh, D.M., Sabatini, B.L. 
& Selkoe, D.J. 2008, “Amyloid-beta protein dimers isolated directly from Alzheimer’s 
brains impair synaptic plasticity and memory”, 1DWXUHPHGLFLQHvol. 14, no. 8, pp. 
837-842.
6KHɤHOG.0	3HHN0.³&KDQJHV LQ WKHSUHYDOHQFHRIFRJQLWLYH LPSDLUPHQW
DPRQJROGHU$PHULFDQVRYHUDOOWUHQGVDQGGLɣHUHQFHVE\UDFHHWKQLFLW\´
American Journal of Epidemiology, vol. 174, no. 3, pp. 274-283.
Shepard, R., Allen, C., Benade, A., Davies, C. & et al. 1968, 7KH0D[LPXP2[\JHQ8SWDNH
$,QWHUQDWLRQDO5HIHUHQFH6WDQGDUGRI&DUGLRUHVSLUDWRU\)LWQHVV, Bull World Health 
Organ.
Shibata, M., Yamada, S., Kumar, S.R., Calero, M., Bading, J., Frangione, B., Holtzman, D.M., 
Miller, C.A., Strickland, D.K., Ghiso, J. & Zlokovic, B.V. 2000, “Clearance of Alzheimer’s 
amyloid-ss(1-40) peptide from brain by LDL receptor-related protein-1 at the blood-
brain barrier”, The Journal of clinical investigation, vol. 106, no. 12, pp. 1489-1499.
Sievänen, H. & Kujala, U.M. 2017, “Accelerometry-Simple, but challenging”, Scandinavian 
Journal of Medicine & Science in Sports, vol. 27, no. 6, pp. 574-578.
Silventoinen, K. & Kaprio, J. 2008, ”Kaksos- ja perhetutkimukset geneettisten ja 
ympäristötekijöiden vaikutuksen arvioimisessa”, Sosiaalilääketieteen aikakauslehti, 
vol. 45, pp. 209-209-220.
137
Silventoinen, K., Kaprio, J. & Lahelma, E. 2000, “Genetic and environmental contributions 
to the association between body height and educational attainment: a study of adult 
Finnish twins”, Behavior genetics, vol. 30, no. 6, pp. 477-485.
Silventoinen, K., Kaprio, J., Lahelma, E., Viken, R.J. & Rose, R.J. 2003, “Assortative mating 
by body height and BMI: Finnish twins and their spouses”, American Journal of Human 
%LRORJ\7KH2ɤFLDO-RXUQDORIWKH+XPDQ%LRORJ\&RXQFLOvol. 15, no. 5, pp. 620-627.
Simons, L.A., Simons, J., McCallum, J. & Friedlander, Y. 2006, “Lifestyle factors and risk 
of dementia: Dubbo Study of the elderly”, The Medical journal of Australia, vol. 184, 
no. 2, pp. 68-70.
Sindi, S., Hagman, G., Hakansson, K., Kulmala, J., Nilsen, C., Kåreholt, I., Soininen, H., 
Solomon, A. & Kivipelto, M. 2017, “Midlife Work-Related Stress Increases Dementia 
Risk in Later Life: The CAIDE 30-Year Study”, The journals of gerontology.Series B, 
Psychological sciences and social sciences, vol. 72, no. 6, pp. 1044-1053.
Singh, A., Uijtdewilligen, L., Twisk, J.W., van Mechelen, W. & Chinapaw, M.J. 2012, “Physical 
activity and performance at school: a systematic review of the literature including a 
methodological quality assessment”, Archives of Pediatrics & Adolescent Medicine, 
vol. 166, no. 1, pp. 49-55.
Singh-Manoux, A., Dugravot, A., Shipley, M., Brunner, E.J., Elbaz, A., Sabia, S. & Kivimäki, M. 
2018, “Obesity trajectories and risk of dementia: 28 years of follow-up in the Whitehall 
II Study”, Alzheimer’s & dementia : the journal of the Alzheimer’s Association, vol. 14, 
no. 2, pp. 178-186.
6LQJK0DQRX[$+LOOVGRQ0%UXQQHU(	0DUPRW0³(ɣHFWVRISK\VLFDODFWLYLW\
on cognitive functioning in middle age: evidence from the Whitehall II prospective 
cohort study”, American Journal of Public Health, vol. 95, no. 12, pp. 2252-2258.
Singh-Manoux, A., Kivimäki, M., Glymour, M.M., Elbaz, A., Berr, C., Ebmeier, K.P., Ferrie, 
J.E. & Dugravot, A. 2012, “Timing of onset of cognitive decline: results from Whitehall 
II prospective cohort study”, BMJ (Clinical research ed.), vol. 344, pp. d7622.
Sink, K.M., Espeland, M.A., Castro, C.M., Church, T., Cohen, R., Dodson, J.A., Guralnik, J., 
Hendrie, H.C., Jennings, J., Katula, J., Lopez, O.L., McDermott, M.M., Pahor, M., Reid, 
K.F., Rushing, J., Verghese, J., Rapp, S., Williamson, J.D. & LIFE Study Investigators 
³(ɣHFWRID0RQWK3K\VLFDO$FWLYLW\,QWHUYHQWLRQYV+HDOWK(GXFDWLRQRQ
Cognitive Outcomes in Sedentary Older Adults: The LIFE Randomized Trial”, Jama, 
vol. 314, no. 8, pp. 781-790.
6PDOO6$	'Xɣ.³/LQNLQJ$EHWDDQGWDXLQODWHRQVHW$O]KHLPHU¶VGLVHDVHDGXDO
pathway hypothesis”, 1HXURQvol. 60, no. 4, pp. 534-542.
6PLWK3-%OXPHQWKDO-$+RɣPDQ%0&RRSHU+6WUDXPDQ7$:HOVK%RKPHU
K., Browndyke, J.N. & Sherwood, A. 2010, “Aerobic exercise and neurocognitive 
performance: a meta-analytic review of randomized controlled trials”, Psychosomatic 
medicine, vol. 72, no. 3, pp. 239-252.
Snowden, M., Steinman, L., Mochan, K., Grodstein, F., Prohaska, T.R., Thurman, D.J., Brown, 
'5/DGLWND-16RDUHV-=ZHLEDFN'-/LWWOH'	$QGHUVRQ/$³(ɣHFW
of exercise on cognitive performance in community-dwelling older adults: review of 
intervention trials and recommendations for public health practice and research”, 
Journal of the American Geriatrics Society, vol. 59, no. 4, pp. 704-716.
138
References
6R¿)9DOHFFKL'%DFFL'$EEDWH5*HQVLQL*)&DVLQL$	0DFFKL&
“Physical activity and risk of cognitive decline: a meta-analysis of prospective studies”, 
Journal of internal medicine, vol. 269, no. 1, pp. 107-117.
Solomon, A., Ngandu, T., Soininen, H., Hallikainen, M.M., Kivipelto, M. & Laatikainen, 
T. 2014, “Validity of dementia and Alzheimer’s disease diagnoses in Finnish national 
registers”, Alzheimer’s & dementia : the journal of the Alzheimer’s Association, vol. 
10, no. 3, pp. 303-309.
6RORPRQ35+LUVFKRɣ$.HOO\%5HOLQ0%UXVK0'H9HDX[5'	3HQGOHEXU\
W.W. 1998, “A 7 minute neurocognitive screening battery highly sensitive to Alzheimer’s 
disease”, $UFKLYHVRI1HXURORJ\vol. 55, no. 3, pp. 349-355.
Sommerlad, A., Perera, G., Singh-Manoux, A., Lewis, G., Stewart, R. & Livingston, G. 2018, 
³$FFXUDF\RIJHQHUDOKRVSLWDOGHPHQWLDGLDJQRVHVLQ(QJODQG6HQVLWLYLW\VSHFL¿FLW\
and predictors of diagnostic accuracy 2008-2016”, Alzheimer’s & dementia : the journal 
of the Alzheimer’s Association, vol. 14, no. 7, pp. 933-943.
Sorrells, S.F., Paredes, M.F., Cebrian-Silla, A., Sandoval, K., Qi, D., Kelley, K.W., James, 
D., Mayer, S., Chang, J., Auguste, K.I., Chang, E.F., Gutierrez, A.J., Kriegstein, A.R., 
Mathern, G.W., Oldham, M.C., Huang, E.J., Garcia-Verdugo, J.M., Yang, Z. & Alvarez-
Buylla, A. 2018, “Human hippocampal neurogenesis drops sharply in children to 
undetectable levels in adults”, 1DWXUHvol. 555, no. 7696, pp. 377-381.
Souto Barreto, P., Andrieu, S., Payoux, P., Demougeot, L., Rolland, Y. & Vellas, B. 2015, 
“Physical Activity and Amyloid- ß Brain Levels in Elderly Adults with Intact Cognition 
and Mild Cognitive Impairment”, Journal of the American Geriatrics Society, vol. 63, 
no. 8, pp. 1634-1639.
Spalding, K.L., Bergmann, O., Alkass, K., Bernard, S., Salehpour, M., Huttner, H.B., Bostrom, 
E., Westerlund, I., Vial, C., Buchholz, B.A., Possnert, G., Mash, D.C., Druid, H. & Frisen, 
J. 2013, “Dynamics of hippocampal neurogenesis in adult humans”, Cell, vol. 153, no. 
6, pp. 1219-1227.
Steinberg, S.I., Sammel, M.D., Harel, B.T., Schembri, A., Policastro, C., Bogner, H.R., Negash, 
S. & Arnold, S.E. 2015, “Exercise, sedentary pastimes, and cognitive performance in 
healthy older adults”, American Journal of Alzheimer’s Disease and Other Dementias, 
vol. 30, no. 3, pp. 290-298.
Stephen, R., Hongisto, K., Solomon, A. & Lonnroos, E. 2017, “Physical Activity and Alzheimer’s 
Disease: A Systematic Review”, The journals of gerontology.Series A, Biological sciences 
and medical sciences, vol. 72, no. 6, pp. 733-739.
Stern, Y. 2012, “Cognitive reserve in ageing and Alzheimer’s disease”, 7KH/DQFHW1HXURORJ\
vol. 11, no. 11, pp. 1006-1012.
Stern, Y., Arenaza-Urquijo, E.M., Bartres-Faz, D., Belleville, S., Cantilon, M., Chetelat, G., 
Ewers, M., Franzmeier, N., Kempermann, G., Kremen, W.S., Okonkwo, O., Scarmeas, 
N., Soldan, A., Udeh-Momoh, C., Valenzuela, M., Vemuri, P., Vuoksimaa, E. & 
5HVHUYH5HVLOLHQFHDQG3URWHFWLYH)DFWRUV3,$(PSLULFDO'H¿QLWLRQVDQG&RQFHSWXDO
)UDPHZRUNV:RUNJURXS ³:KLWHSDSHU'H¿QLQJ DQG LQYHVWLJDWLQJ FRJQLWLYH
reserve, brain reserve, and brain maintenance”, Alzheimer’s & dementia : the journal 
of the Alzheimer’s Association, .
Stubbe, J.H., Boomsma, D.I., Vink, J.M., Cornes, B.K., Martin, N.G., Skytthe, A., Kyvik, K.O., 
Rose, R.J., Kujala, U.M., Kaprio, J., Harris, J.R., Pedersen, N.L., Hunkin, J., Spector, 
7'	GH*HXV(-³*HQHWLFLQÀXHQFHVRQH[HUFLVHSDUWLFLSDWLRQLQWZLQ
pairs from seven countries”, PloS one, vol. 1, pp. e22.
139
Sturman, M.T., Morris, M.C., Mendes de Leon, C.F., Bienias, J.L., Wilson, R.S. & Evans, D.A. 
2005, “Physical activity, cognitive activity, and cognitive decline in a biracial community 
population”, $UFKLYHVRI1HXURORJ\vol. 62, no. 11, pp. 1750-1754.
Su, E.X., Lin, Y.Q., Zhang, S.L., Leung, G.T., Lam, L.C. & Chiu, H.F. 2015, “Physical activity and 
cognitive function of community Chinese elderly in Hong Kong (HK) and Guangzhou 
(GZ)”, International psychogeriatrics, vol. 27, no. 6, pp. 959-966.
Sumic, A., Michael, Y.L., Carlson, N.E., Howieson, D.B. & Kaye, J.A. 2007, “Physical activity 
and the risk of dementia in oldest old”, Journal of aging and health, vol. 19, no. 2, 
pp. 242-259.
Sundet, J.M., Magnus, P. & Tambs, K. 1994, “The heritability of maximal aerobic power: a 
study of Norwegian twins.”, Scand.J.Med.Sci.Sports, vol. 4, pp. 181-181-5.
Suomalaisen lääkäriseuran Duodecimin, Societas Gerontologica Fennican, Suomen Geriatrit 
-yhdistyksen, Suomen Neurologisen Yhdistyksen, Suomen Psykogeriatrisen Yhdistyksen 
ja Suomen Yleislääketieteen yhdistyksen asettama työryhmä. 2017, Muistisairaudet. 
.l\SlKRLWRVXRVLWXV5HIHUHQFH, Suomalainen Lääkäriseura Duodecim, 
Helsinki.
7DDɣH'5,ULH)0DVDNL.+$EERWW5'3HWURYLWFK+5RVV*:	:KLWH/5
2008, “Physical activity, physical function, and incident dementia in elderly men: the 
Honolulu-Asia Aging Study”, The journals of gerontology.Series A, Biological sciences 
and medical sciences, vol. 63, no. 5, pp. 529-535.
Tan, Z.S., Spartano, N.L., Beiser, A.S., DeCarli, C., Auerbach, S.H., Vasan, R.S. & Seshadri, S. 
2017, “Physical Activity, Brain Volume, and Dementia Risk: The Framingham Study”, 
The journals of gerontology.Series A, Biological sciences and medical sciences, vol. 
72, no. 6, pp. 789-795.
Tarumi, T., Gonzales, M.M., Fallow, B., Nualnim, N., Pyron, M., Tanaka, H. & Haley, A.P. 
³&HQWUDODUWHU\VWLɣQHVVQHXURSV\FKRORJLFDOIXQFWLRQDQGFHUHEUDOSHUIXVLRQLQ
sedentary and endurance-trained middle-aged adults”, Journal of hypertension, vol. 
31, no. 12, pp. 2400-2409.
The Physical Activity Guidelines Advisory Committee 2009, “Physical Activity Guidelines 
Advisory Committee report, 2008. To the Secretary of Health and Human Services. 
Part A: executive summary”, 1XWULWLRQUHYLHZVvol. 67, no. 2, pp. 114-120.
Thomas, A.G., Dennis, A., Rawlings, N.B., Stagg, C.J., Matthews, L., Morris, M., Kolind, S.H., 
Foxley, S., Jenkinson, M., Nichols, T.E., Dawes, H., Bandettini, P.A. & Johansen-Berg, 
H. 2016, “Multi-modal characterization of rapid anterior hippocampal volume increase 
associated with aerobic exercise”, 1HXUR,PDJHvol. 131, pp. 162-170.
Tolppanen, A.M., Solomon, A., Kulmala, J., Kåreholt, I., Ngandu, T., Rusanen, M., Laatikainen, 
T., Soininen, H. & Kivipelto, M. 2015, “Leisure-time physical activity from mid- to late 
life, body mass index, and risk of dementia”, Alzheimer’s & dementia : the journal of 
the Alzheimer’s Association, vol. 11, no. 4, pp. 434-443.e6.
Tseng, B.Y., Uh, J., Rossetti, H.C., Cullum, C.M., Diaz-Arrastia, R.F., Levine, B.D., Lu, H. 
& Zhang, R. 2013, “Masters athletes exhibit larger regional brain volume and better 
cognitive performance than sedentary older adults”, Journal of magnetic resonance 
LPDJLQJ-05,vol. 38, no. 5, pp. 1169-1176.
Tucker, J.M., Welk, G.J. & Beyler, N.K. 2011, “Physical activity in U.S.: adults compliance 
with the Physical Activity Guidelines for Americans”, American Journal of Preventive 
Medicine, vol. 40, no. 4, pp. 454-461.
140
References
Tucsek, Z., Toth, P., Sosnowska, D., Gautam, T., Mitschelen, M., Koller, A., Szalai, G., Sonntag, 
W.E., Ungvari, Z. & Csiszar, A. 2014, “Obesity in aging exacerbates blood-brain barrier 
GLVUXSWLRQQHXURLQÀDPPDWLRQDQGR[LGDWLYHVWUHVVLQWKHPRXVHKLSSRFDPSXVHɣHFWV
on expression of genes involved in beta-amyloid generation and Alzheimer’s disease”, 
The journals of gerontology.Series A, Biological sciences and medical sciences, vol. 
69, no. 10, pp. 1212-1226.
Vagelatos, N.T. & Eslick, G.D. 2013, “Type 2 diabetes as a risk factor for Alzheimer’s disease: 
the confounders, interactions, and neuropathology associated with this relationship”, 
Epidemiologic reviews, vol. 35, pp. 152-160.
Vähä-Ypyä, H., Husu, P., Suni, J., Vasankari, T. & Sievänen, H. 2018, “Reliable recognition 
of lying, sitting, and standing with a hip-worn accelerometer”, Scandinavian Journal 
of Medicine & Science in Sports, vol. 28, no. 3, pp. 1092-1102.
Vähä-Ypyä, H., Vasankari, T., Husu, P., Mänttäri, A., Vuorimaa, T., Suni, J. & Sievänen, 
H. 2015b, “Validation of Cut-Points for Evaluating the Intensity of Physical Activity 
with Accelerometry-Based Mean Amplitude Deviation (MAD)”, PloS one, vol. 10, no. 
8, pp. e0134813.
Vähä-Ypyä, H., Vasankari, T., Husu, P., Suni, J. & Sievänen, H. 2015a, “A universal, 
DFFXUDWHLQWHQVLW\EDVHGFODVVL¿FDWLRQRIGLɣHUHQWSK\VLFDODFWLYLWLHVXVLQJUDZGDWDRI
accelerometer”, Clinical physiology and functional imaging, vol. 35, no. 1, pp. 64-70.
Valenzuela, M.J. & Sachdev, P. 2006, “Brain reserve and dementia: a systematic review”, 
Psychological medicine, vol. 36, no. 4, pp. 441-454.
Van der Borght, K., Kobor-Nyakas, D.E., Klauke, K., Eggen, B.J., Nyakas, C., Van der Zee, 
E.A. & Meerlo, P. 2009, “Physical exercise leads to rapid adaptations in hippocampal 
vasculature: temporal dynamics and relationship to cell proliferation and neurogenesis”, 
Hippocampus, vol. 19, no. 10, pp. 928-936.
van Dongen, J., Slagboom, P.E., Draisma, H.H., Martin, N.G. & Boomsma, D.I. 2012, “The 
continuing value of twin studies in the omics era”, 1DWXUHUHYLHZV*HQHWLFVvol. 13, 
no. 9, pp. 640-653.
van Gelder, B.M., Tijhuis, M.A., Kalmijn, S., Giampaoli, S., Nissinen, A. & Kromhout, D. 
2004, “Physical activity in relation to cognitive decline in elderly men: the FINE Study”, 
1HXURORJ\vol. 63, no. 12, pp. 2316-2321.
van Praag, H., Kempermann, G. & Gage, F.H. 1999, “Running increases cell proliferation 
and neurogenesis in the adult mouse dentate gyrus”, 1DWXUHQHXURVFLHQFHvol. 2, no. 
3, pp. 266-270.
van Praag, H., Shubert, T., Zhao, C. & Gage, F.H. 2005, “Exercise enhances learning and 
hippocampal neurogenesis in aged mice”, 7KH-RXUQDORIQHXURVFLHQFHWKHRɤFLDO
MRXUQDORIWKH6RFLHW\IRU1HXURVFLHQFHvol. 25, no. 38, pp. 8680-8685.
YDQ8ɣHOHQ-*&KLQ$3DZ0-+RSPDQ5RFN0	YDQ0HFKHOHQ:³7KH
HɣHFWVRIH[HUFLVHRQFRJQLWLRQLQROGHUDGXOWVZLWKDQGZLWKRXWFRJQLWLYHGHFOLQHD
systematic review”, &OLQLFDOMRXUQDORIVSRUWPHGLFLQHRɤFLDOMRXUQDORIWKH&DQDGLDQ
Academy of Sport Medicine, vol. 18, no. 6, pp. 486-500.
Vancampfort, D., Van Damme, T., Probst, M., Firth, J., Stubbs, B., Basangwa, D. & Mugisha, 
J. 2017, “Physical activity is associated with the physical, psychological, social and 
environmental quality of life in people with mental health problems in a low resource 
setting”, Psychiatry research, vol. 258, pp. 250-254.
141
Vartiainen, E., Seppala, T., Lillsunde, P. & Puska, P. 2002, “Validation of self reported smoking 
by serum cotinine measurement in a community-based study”, Journal of epidemiology 
and community health, vol. 56, no. 3, pp. 167-170.
9D\QPDQ66<LQJ=<LQ'	*RPH]3LQLOOD)³([HUFLVHGLɣHUHQWLDOO\UHJXODWHV
synaptic proteins associated to the function of BDNF”, Brain research, vol. 1070, no. 
1, pp. 124-130.
Vemuri, P., Lesnick, T.G., Przybelski, S.A., Knopman, D.S., Machulda, M., Lowe, V.J., Mielke, 
M.M., Roberts, R.O., Gunter, J.L., Senjem, M.L., Geda, Y.E., Rocca, W.A., Petersen, R.C. 
	-DFN&5-³(ɣHFWRILQWHOOHFWXDOHQULFKPHQWRQ$'ELRPDUNHUWUDMHFWRULHV
Longitudinal imaging study.”, 1HXURORJ\vol. 86, no. 12, pp. 1128-1135.
Verburgh, L., Konigs, M., Scherder, E.J. & Oosterlaan, J. 2014, “Physical exercise and 
executive functions in preadolescent children, adolescents and young adults: a meta-
analysis”, British journal of sports medicine, vol. 48, no. 12, pp. 973-979.
Vercambre, M.N., Grodstein, F., Manson, J.E., Stampfer, M.J. & Kang, J.H. 2011, “Physical 
activity and cognition in women with vascular conditions”, Archives of Internal 
Medicine, vol. 171, no. 14, pp. 1244-1250.
Verdelho, A., Madureira, S., Ferro, J.M., Baezner, H., Blahak, C., Poggesi, A., Hennerici, M., 
Pantoni, L., Fazekas, F., Scheltens, P., Waldemar, G., Wallin, A., Erkinjuntti, T., Inzitari, 
D. & LADIS Study 2012, “Physical activity prevents progression for cognitive impairment 
and vascular dementia: results from the LADIS (Leukoaraiosis and Disability) study”, 
Stroke, vol. 43, no. 12, pp. 3331-3335.
Verghese, J., Cuiling, W., Katz, M.J., Sanders, A. & Lipton, R.B. 2009, “Leisure activities and 
risk of vascular cognitive impairment in older adults”, Journal of geriatric psychiatry 
and neurology, vol. 22, no. 2, pp. 110-118.
Verghese, J., LeValley, A., Derby, C., Kuslansky, G., Katz, M., Hall, C., Buschke, H. & Lipton, 
R.B. 2006, “Leisure activities and the risk of amnestic mild cognitive impairment in 
the elderly”, 1HXURORJ\vol. 66, no. 6, pp. 821-827.
Verghese, J., Lipton, R.B., Katz, M.J., Hall, C.B., Derby, C.A., Kuslansky, G., Ambrose, A.F., 
Sliwinski, M. & Buschke, H. 2003, “Leisure activities and the risk of dementia in the 
elderly”, 7KH1HZ(QJODQGMRXUQDORIPHGLFLQHvol. 348, no. 25, pp. 2508-2516.
Verkasalo, P.K., Kaprio, J., Koskenvuo, M. & Pukkala, E. 1999, “Genetic predisposition, 
environment and cancer incidence: a nationwide twin study in Finland, 1976-1995”, 
International journal of cancer, vol. 83, no. 6, pp. 743-749.
Vidoni, E.D., Johnson, D.K., Morris, J.K., Van Sciver, A., Greer, C.S., Billinger, S.A., 
Donnelly, J.E. & Burns, J.M. 2015, “Dose-Response of Aerobic Exercise on Cognition: 
A Community-Based, Pilot Randomized Controlled Trial”, PloS one, vol. 10, no. 7, pp. 
e0131647.
Villemagne, V.L., Burnham, S., Bourgeat, P., Brown, B., Ellis, K.A., Salvado, O., Szoeke, 
&0DFDXOD\6/0DUWLQV50DUXɣ3$PHV'5RZH&&0DVWHUV&/	
Australian Imaging Biomarkers and Lifestyle (AIBL) Research Group 2013, “Amyloid 
beta deposition, neurodegeneration, and cognitive decline in sporadic Alzheimer’s 
disease: a prospective cohort study”, 7KH/DQFHW1HXURORJ\vol. 12, no. 4, pp. 357-367.
Virta, J.J., Heikkilä, K., Perola, M., Koskenvuo, M., Räihä, I., Rinne, J.O. & Kaprio, J. 2013a, 
“Midlife cardiovascular risk factors and late cognitive impairment”, European journal 
of epidemiology, vol. 28, no. 5, pp. 405-416.
142
References
Virta, J.J., Heikkilä, K., Perola, M., Koskenvuo, M., Räihä, I., Rinne, J.O. & Kaprio, J. 2013b, 
“Midlife sleep characteristics associated with late life cognitive function”, Sleep, vol. 36, 
no. 10, pp. 1533-41, 1541A.
Virtaa, J.J., Järvenpää, T., Heikkilä, K., Perola, M., Koskenvuo, M., Räihä, I., Rinne, J.O. & 
Kaprio, J. 2010, “Midlife alcohol consumption and later risk of cognitive impairment: a 
twin follow-up study”, Journal of Alzheimer’s disease : JAD, vol. 22, no. 3, pp. 939-948.
Vogt, N.M., Kerby, R.L., Dill-McFarland, K.A., Harding, S.J., Merluzzi, A.P., Johnson, S.C., 
Carlsson, C.M., Asthana, S., Zetterberg, H., Blennow, K., Bendlin, B.B. & Rey, F.E. 
2017, “Gut microbiome alterations in Alzheimer’s disease”, 6FLHQWL¿FUHSRUWVvol. 7, 
no. 1, pp. 13537-017-13601-y.
Voss, M.W., Heo, S., Prakash, R.S., Erickson, K.I., Alves, H., Chaddock, L., Szabo, A.N., Mailey, 
E.L., Wojcicki, T.R., White, S.M., Gothe, N., McAuley, E., Sutton, B.P. & Kramer, A.F. 
³7KHLQÀXHQFHRIDHURELF¿WQHVVRQFHUHEUDOZKLWHPDWWHULQWHJULW\DQGFRJQLWLYH
function in older adults: results of a one-year exercise intervention”, Human brain 
mapping, vol. 34, no. 11, pp. 2972-2985.
Vreugdenhil, A., Cannell, J., Davies, A. & Razay, G. 2012, “A community-based exercise 
programme to improve functional ability in people with Alzheimer’s disease: a 
randomized controlled trial”, Scandinavian Journal of Caring Sciences, vol. 26, no. 
1, pp. 12-19.
Vuoksimaa, E., Rinne, J.O., Lindgren, N., Heikkilä, K., Koskenvuo, M. & Kaprio, J. 2016, 
“Middle age self-report risk score predicts cognitive functioning and dementia in 20-40 
years”, Alzheimer’s & Dementia, vol. 4, pp. 118-125.
Waller, K., Kaprio, J., Korhonen, T., Tuulio-Henriksson, A. & Kujala, U.M. 2016, “Persistent 
leisure-time physical activity in adulthood and use of antidepressants: A follow-up study 
among twins”, -RXUQDORIDɣHFWLYHGLVRUGHUVvol. 200, pp. 172-177.
Waller, K., Kaprio, J. & Kujala, U.M. 2008, “Associations between long-term physical activity, 
waist circumference and weight gain: a 30-year longitudinal twin study”, International 
journal of obesity, vol. 32, no. 2, pp. 353-361.
Waller, K., Vähä-Ypyä, H., Tormakangas, T., Hautasaari, P., Lindgren, N., Iso-Markku, P., 
Heikkilä, K., Rinne, J., Kaprio, J., Sievänen, H. & Kujala, U.M. 2018, “Long-term leisure-
time physical activity and other health habits as predictors of objectively monitored 
late-life physical activity - A 40-year twin study”, 6FLHQWL¿FUHSRUWVvol. 8, no. 1, pp. 
9400-018-27704-7.
:DQJ&6%XUNH-56WHɣHQV'&+XOHWWH&0%UHLWQHU-&	3ODVVPDQ%/
³7ZLQ SDLUV GLVFRUGDQW IRU QHXURSDWKRORJLFDOO\ FRQ¿UPHG /HZ\ ERG\ GHPHQWLD´
Journal of neurology, neurosurgery, and psychiatry, vol. 80, no. 5, pp. 562-565.
Wang, H.X., Karp, A., Winblad, B. & Fratiglioni, L. 2002, “Late-life engagement in social 
and leisure activities is associated with a decreased risk of dementia: a longitudinal 
study from the Kungsholmen project”, American Journal of Epidemiology, vol. 155, 
no. 12, pp. 1081-1087.
Wang, H.X., Wahlberg, M., Karp, A., Winblad, B. & Fratiglioni, L. 2012, “Psychosocial stress 
at work is associated with increased dementia risk in late life”, Alzheimer’s & dementia 
: the journal of the Alzheimer’s Association, vol. 8, no. 2, pp. 114-120.
Wang, J.Y., Zhou, D.H., Li, J., Zhang, M., Deng, J., Tang, M., Gao, C., Li, J., Lian, Y. & Chen, 
M. 2006, “Leisure activity and risk of cognitive impairment: the Chongqing aging study”, 
1HXURORJ\vol. 66, no. 6, pp. 911-913.
143
:DQJ6/XR;%DUQHV'6DQR0	<DɣH. ³3K\VLFDODFWLYLW\DQGULVNRI
cognitive impairment among oldest-old women”, The American Journal of Geriatric 
3V\FKLDWU\2ɤFLDO-RXUQDORIWKH$PHULFDQ$VVRFLDWLRQIRU*HULDWULF3V\FKLDWU\
vol. 22, no. 11, pp. 1149-1157.
Warren, J.M., Ekelund, U., Besson, H., Mezzani, A., Geladas, N., Vanhees, L. & Experts Panel 
2010, “Assessment of physical activity - a review of methodologies with reference to 
epidemiological research: a report of the exercise physiology section of the European 
Association of Cardiovascular Prevention and Rehabilitation”, European journal 
RIFDUGLRYDVFXODUSUHYHQWLRQDQGUHKDELOLWDWLRQRɤFLDO MRXUQDORI WKH(XURSHDQ
6RFLHW\RI&DUGLRORJ\:RUNLQJ*URXSVRQ(SLGHPLRORJ\	3UHYHQWLRQDQG&DUGLDF
5HKDELOLWDWLRQDQG([HUFLVH3K\VLRORJ\vol. 17, no. 2, pp. 127-139.
Weinstein, G., Beiser, A.S., Choi, S.H., Preis, S.R., Chen, T.C., Vorgas, D., Au, R., Pikula, A., 
Wolf, P.A., DeStefano, A.L., Vasan, R.S. & Seshadri, S. 2014a, “Serum brain-derived 
neurotrophic factor and the risk for dementia: the Framingham Heart Study”, JAMA 
neurology, vol. 71, no. 1, pp. 55-61.
Wendell, C.R., Gunstad, J., Waldstein, S.R., Wright, J.G., Ferrucci, L. & Zonderman, A.B. 
³&DUGLRUHVSLUDWRU\¿WQHVVDQGDFFHOHUDWHGFRJQLWLYHGHFOLQHZLWKDJLQJ´The 
journals of gerontology.Series A, Biological sciences and medical sciences, vol. 69, 
no. 4, pp. 455-462.
Wennberg, A.M.V., Wu, M.N., Rosenberg, P.B. & Spira, A.P. 2017, “Sleep Disturbance, 
Cognitive Decline, and Dementia: A Review”, Seminars in neurology, vol. 37, no. 4, 
pp. 395-406.
Weuve, J., Kang, J.H., Manson, J.E., Breteler, M.M., Ware, J.H. & Grodstein, F. 2004, 
“Physical activity, including walking, and cognitive function in older women”, Jama, 
vol. 292, no. 12, pp. 1454-1461.
WHO 2018, , Mortality. Available: http://www.who.int/topics/mortality/en/Retrieved 
26.10.2018].
WHO 2010, *OREDO5HFRPPHQGDWLRQV RQ3K\VLFDO$FWLYLW\ IRU+HDOWKWolrd Health 
Organization, Geneva.
:LOEXU-0DUTXH]';)RJJ/:LOVRQ566WDɤOHQR%$+R\HP5/0RUULV0&
Bustamante, E.E. & Manning, A.F. 2012, “The relationship between physical activity 
and cognition in older Latinos”, The journals of gerontology,Series B, Psychological 
sciences and social sciences, vol. 67, no. 5, pp. 525-534.
Wilkinson, T., Ly, A., Schnier, C., Rannikmae, K., Bush, K., Brayne, C., Quinn, T.J., Sudlow, 
C.L.M. & UK Biobank Neurodegenerative Outcomes Group and Dementias Platform 
UK 2018, “Identifying dementia cases with routinely collected health data: A systematic 
review”, Alzheimer’s & dementia : the journal of the Alzheimer’s Association, vol. 14, 
no. 8, pp. 1038-1051.
Willey, J.Z., Gardener, H., Caunca, M.R., Moon, Y.P., Dong, C., Cheung, Y.K., Sacco, R.L., 
Elkind, M.S. & Wright, C.B. 2016, “Leisure-time physical activity associates with 
cognitive decline: The Northern Manhattan Study”, 1HXURORJ\vol. 86, no. 20, pp. 
1897-1903.
Willey, J.Z., Park Moon, Y., Ruder, R., Cheung, Y.K., Sacco, R.L., Elkind, M.S. & Wright, 
C.B. 2014, “Physical activity and cognition in the northern Manhattan study”, 
1HXURHSLGHPLRORJ\vol. 42, no. 2, pp. 100-106.
144
References
Williams, R.L. 2000, “A note on robust variance estimation for cluster-correlated data”, 
Biometrics, vol. 56, no. 2, pp. 645-646.
Wilson, R. S., Beckett, L. A., Barnes, L. L., Schneider, J. A., Bach, J., et al. 2002. Individual 
GLɣHUHQFHVLQUDWHVRIFKDQJHLQFRJQLWLYHDELOLWLHVRIROGHUSHUVRQV3V\FKRORJ\DQG
Aging vol 17, no. 2, pp. 179-193.
Wilson, R.S. & Bennett, D.A. 2005, “Assessment of cognitive decline in old age with brief tests 
amenable to telephone administration”, 1HXURHSLGHPLRORJ\vol. 25, no. 1, pp. 19-25.
Wilson, R.S., Bennett, D.A., Bienias, J.L., Aggarwal, N.T., Mendes De Leon, C.F., Morris, 
M.C., Schneider, J.A. & Evans, D.A. 2002, “Cognitive activity and incident AD in a 
population-based sample of older persons”, 1HXURORJ\vol. 59, no. 12, pp. 1910-1914.
Wimo, A., Guerchet, M., Ali, G.C., Wu, Y.T., Prina, A.M., Winblad, B., Jonsson, L., Liu, Z. & 
Prince, M. 2017, “The worldwide costs of dementia 2015 and comparisons with 2010”, 
Alzheimer’s & dementia : the journal of the Alzheimer’s Association, vol. 13, no. 1, pp. 1-7.
Xu, W., Tan, L., Wang, H.F., Jiang, T., Tan, M.S., Tan, L., Zhao, Q.F., Li, J.Q., Wang, J. & Yu, 
-7³0HWDDQDO\VLVRIPRGL¿DEOHULVNIDFWRUVIRU$O]KHLPHU¶VGLVHDVH´Journal of 
neurology, neurosurgery, and psychiatry, vol. 86, no. 12, pp. 1299-1306.
Xu, W., Wang, H.F., Wan, Y., Tan, C.C., Yu, J.T. & Tan, L. 2017, “Leisure time physical activity 
and dementia risk: a dose-response meta-analysis of prospective studies”, BMJ open, 
vol. 7, no. 10, pp. e014706-2016-014706.
<DɣH.%DUQHV'1HYLWW0/XL/<	&RYLQVN\.³$SURVSHFWLYHVWXG\RI
physical activity and cognitive decline in elderly women: women who walk”, Archives 
of Internal Medicine, vol. 161, no. 14, pp. 1703-1708.
<DɣH . )LRFFR $- /LQGTXLVW . 9LWWLQJKRɣ ( 6LPRQVLFN (0 1HZPDQ $%
6DWWHU¿HOG65RVDQR&5XELQ60$\RQD\RQ+1+DUULV7%	+HDOWK$%&
Study 2009, “Predictors of maintaining cognitive function in older adults: the Health 
ABC study”, 1HXURORJ\vol. 72, no. 23, pp. 2029-2035.
Yamada, M., Kasagi, F., Sasaki, H., Masunari, N., Mimori, Y. & Suzuki, G. 2003, “Association 
EHWZHHQGHPHQWLDDQGPLGOLIHULVNIDFWRUVWKH5DGLDWLRQ(ɣHFWV5HVHDUFK)RXQGDWLRQ
Adult Health Study”, Journal of the American Geriatrics Society, vol. 51, no. 3, pp. 
410-414.
Yoshitake, T., Kiyohara, Y., Kato, I., Ohmura, T., Iwamoto, H., Nakayama, K., Ohmori, S., 
Nomiyama, K., Kawano, H. & Ueda, K. 1995, “Incidence and risk factors of vascular 
GHPHQWLD DQG $O]KHLPHU¶V GLVHDVH LQ D GH¿QHG HOGHUO\ -DSDQHVH SRSXODWLRQ WKH
Hisayama Study”, 1HXURORJ\vol. 45, no. 6, pp. 1161-1168.
Young, J., Angevaren, M., Rusted, J. & Tabet, N. 2015, “Aerobic exercise to improve cognitive 
function in older people without known cognitive impairment”, The Cochrane database 
of systematic reviews, vol. (4):CD005381. doi, no. 4, pp. CD005381.
Yu, F., Rose, K.M., Burgener, S.C., Cunningham, C., Buettner, L.L., Beattie, E., Bossen, A.L., 
Buckwalter, K.C., Fick, D.M., Fitzsimmons, S., Kolanowski, A., Janet, K., Specht, P., 
Richeson, N.E., Testad, I. & McKenzie, S.E. 2009, “Cognitive training for early-stage 
Alzheimer’s disease and dementia”, Journal of gerontological nursing, vol. 35, no. 3, 
pp. 23-29.
Yu, J.T., Tan, L. & Hardy, J. 2014, “Apolipoprotein E in Alzheimer’s disease: an update”, 
$QQXDO5HYLHZRI1HXURVFLHQFHvol. 37, pp. 79-100.
145
Zadro, J.R., Shirley, D., Andrade, T.B., Scurrah, K.J., Bauman, A. & Ferreira, P.H. 2017, “The 
%HQH¿FLDO(ɣHFWVRI3K\VLFDO$FWLYLW\,V,W'RZQWR<RXU*HQHV"$6\VWHPDWLF5HYLHZ
and Meta-Analysis of Twin and Family Studies”, Sports medicine - open, vol. 3, no. 1, 
pp. 4-016-0073-9. Epub 2017 Jan 10.
=KDQJ;	6RQJ:³7KHUROHRI$33DQG%$&(WUDɤFNLQJLQ$33SURFHVVLQJDQG
amyloid-beta generation”, Alzheimer’s research & therapy, vol. 5, no. 5, pp. 46.
Zhao, E., Tranovich, M.J., DeAngelo, R., Kontos, A.P. & Wright, V.J. 2016, “Chronic exercise 
preserves brain function in masters athletes when compared to sedentary counterparts”, 
The Physician and sportsmedicine, vol. 44, no. 1, pp. 8-13.
=KX1-DFREV'5-U6FKUHLQHU3-<DɣH.%U\DQ1/DXQHU/-:KLWPHU5$
Sidney, S., Demerath, E., Thomas, W., Bouchard, C., He, K., Reis, J. & Sternfeld, B. 
³&DUGLRUHVSLUDWRU\¿WQHVVDQGFRJQLWLYHIXQFWLRQLQPLGGOHDJHWKH&$5',$
study”, 1HXURORJ\vol. 82, no. 15, pp. 1339-1346.
Zhu, W., Howard, V.J., Wadley, V.G., Hutto, B., Blair, S.N., Vena, J.E., Colabianchi, N., 
Rhodes, D. & Hooker, S.P. 2015, “Association Between Objectively Measured Physical 
Activity and Cognitive Function in Older Adults-The Reasons for Geographic and Racial 
'LɣHUHQFHVLQ6WURNH6WXG\´Journal of the American Geriatrics Society, vol. 63, no. 
12, pp. 2447-2454.
Zhu, W., Wadley, V.G., Howard, V.J., Hutto, B., Blair, S.N. & Hooker, S.P. 2017, “Objectively 
Measured Physical Activity and Cognitive Function in Older Adults”, Medicine and 
VFLHQFHLQVSRUWVDQGH[HUFLVHvol. 49, no. 1, pp. 47-53.
Zotcheva, E., Bergh, S., Selbaek, G., Krokstad, S., Haberg, A.K., Strand, B.H. & Ernstsen, L. 
2018, “Midlife Physical Activity, Psychological Distress, and Dementia Risk: The HUNT 
Study”, Journal of Alzheimer’s disease : JAD, .
146
147
APPENDICES
Appendix I. Prospective studies assessing physical activity and cognition
Appendix II. Prospective studies assessing physical activity and dementia
Appendix III. Case-control studies assessing physical activity and cognition or 
dementia. 
148
Appendices
Appendix I Prospective studies assessing physical activity and cognition
Source/cohort (country) Subjects (N= baseline 
target cohort, n= at 
follow-up or after 
declines), Sex
Age at 
baseline
Assessment of PA Follow-
up 
(years)
(Angevaren et al., 2010)
(The Netherlands)
N=2434, n=1904
M, F
56 Total PA time (h/week) 
and average intensity 
(METs/week)
5
(Broe et al., 1998)
(Australia)
N=613, n=327
M, F
80,6 Times per month 1) 
worked in garden or yard 
2) did active sports or 
exercises, 3) went for 
walks
3
(Buchman et al., 2012)
(USA)
N=1258, n=716
M, F
81,6 Total daily PA measured 
with 24h/d actigraphy for 
10 days (in activity counts 
per day)
3,5
(Chang, M. et al., 2010)
(Iceland)
N=5764, n=4945
M, F
51 Interview: 1) none 2) d 5 
hours/week 3) > 5 hours/
week 
26
(Elwood et al., 2013)
(UK)
n=2235, n=1225
M
45-59 Question:  PA described 
as walking two or more 
miles to work each day, 
or cycling ten or more 
miles to work each day, 
or ‘vigorous’ exercise 
described as a regular 
habit;
30
(Etgen et al., 2010)
(Germany)
N= 10 325, n= 3903
M, F
67,7 1) No activity (no regular 
PA) 2) Moderate activity 
( < 3 times/week) 3) High 
activity (t 3 times /week)
2
(Flicker et al., 2005)
(Australia)
N=12 203, n=618
M
77,4 Self-reported frequency 
of exercise (both vigorous 
and non-vigorous), (not 
speciﬁed further)
4,8
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Assessment of cognitive function Covariates Main results (OR s or β-coefficients 
and 95% conﬁdence intervals for 
cognitive decline, low or none PA 
used as a reference group if not 
mentioned otherwise)
15 Words Verbal Learning Test, the 
Stroop Colour Word Test, Letter 
Digit Substitution Test, Word 
Fluency Test
Baseline level of processing speed, 
age, gender, level of education, 
smoking, alcohol consumption, 
systolic blood pressure, total 
cholesterol, BMI, baseline level of 
PA (total time or intensity)
Beta coefficients for processing 
speed: Change in total PA time: 
0.001 (-0.001, 0.002), change in 
average intensity: 0.063 (0.013, 
0.113)
MMSE, neuropsychological test 
battery: Logical Memory I and 
II, Visual Reproduction I and II 
subtests from the Wechsler Memory 
Scale-Revised, the Controlled Oral 
Word Association Test, the National 
Adult Reading Test, Cube Copying, 
Clock Drawing
Age, sex, years of education, From vast test battery only walks 
were associated with only Logical 
Memory II (partial correlation -0,12, 
p-value < 0.05) and Cube Copying 
(partial correlation -0,17, p-value 
> 0.01).  For MMSE: gardening 
-0,00 (p-vale > 0.05), active sports 
0.06 (p-value > 0.05), walks -0,01 
(p-value > 0.05).
19 tests of cognitive function (not 
speciﬁed)
Age, sex, education Rate of global cognitive decline: 
total daily PA estimate 0.033 (SE 
0.012, p = 0.007) (linear mixed 
effects model)
Cognitive tests:1) Speed of 
processing: digit symbol 
substitution test, Figure 
Comparison, modiﬁed Stroop 
test part I and II, 2) memory: 
modiﬁed version of the California 
Verbal Learning Test, immediate 
and delayed recall, 3) executive 
function: Digits backwards, a 
shortened version of the CANTAB 
(Cambridge Neuropsychological 
Test Automated battery) Spatial 
Working Memory test, the Stroop 
test part III, 4) MMSE and DSM-IV 
diagnosis of dementia
Age, sex, education, body mass 
index, systolic blood pressure, 
smoking, cholesterol
β-coefficients: Speed of processing: 
medium: 0.22 (0.17–0.26), high: 0.32 
(0.22–0.41), Memory: medium: 0.15 
(0.10–0.20), high: 0.18 (0.07–0.29), 
Executive function: medium: 0.09 
(0.10–0.14), high: 0.18 (0.09–0.27) 
Medical records, Cambridge 
Cognitive Score, comprehensive 
diagnostics for those who screened 
positive in Cambridge Cognitive 
Score
Age, social class, National Reading 
Test
0.64 (0.41–0.92)
6CIT Age, sex, BMI, baseline 6CIT score, 
depression, alcohol, diabetes, 
history of ischaemic heart disease 
and/or stroke, hyperlipidemia, 
hypertension, chronic kidney 
disease, smoking
OR: moderate: 0.57 (0.37–0.87), 
high: 0.54 (0.35–0.83)
MMSE Age, education, diabetes, 
drinking full cream milk, alcohol 
consumption
HR: 0.50 (0.25–0.99)
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Source/cohort (country) Subjects (N= baseline 
target cohort, n= at 
follow-up or after 
declines), Sex
Age at 
baseline
Assessment of PA Follow-
up 
(years)
(Gross et al., 2017) (USA) N=1337, n=682, n=646
M, F
47 
(38-63)
MET hours per day and 
engagement in regular 
exercise (At least once 
a week, do you engage 
in any regular exercise 
such as brisk walking, 
jogging, bicycling, etc., 
long enough to work up a 
sweat?”)
30
(Ho et al., 2001) (Hong 
Kong)
N=2032, n=988
M, F
77,4 Exercise: yes or no 3
(Iwasa et al., 2012) 
(Japan)
N=1945, n=567 75,8 Engagement in regular 
physical activities 
(e.g. jogging, walking, 
Japanese croquet, 
hiking, dance, swimming, 
gymnastics): yes or no
5
(Jedrziewski et al., 2010) 
(USA)
N= 5280, n= 1203 
(number of exercises) or 
1240 (exercise sessions t 
20 minutes), M, F
65-110 1) Number of types of 
exercise performed 2) 
Number of exercise 
sessions t 20 minutes
10
(Kim et al., 2011) (South 
Korea)
n=1204, n=518
M, F
Mean 
72-78
PA: a self-report on 
4-point scale: very active, 
fairly active, not very 
active, not at all active)
2,4
(Kåreholt et al., 2011) 
(Sweden)
n=1643
M, F
46-75 (mean 
57.4)
PA scale: doing sports, 
gradening, dancing and 
no (0), yes sometimes 
(1), yes often (2) for each 
activity and a sum scale 
of these.
22,8
(Laurin et al., 2001) 
(Canada)
N=6434, n=4615
M, F
t 65 questionnaire 
1) high t 3x/week, at 
intensity greater than 
walking 
2) moderate t3x/week, 
walking intensity 
3) low: others 4) no PA
5
(Lee, S.  
et al., 2013) (Japan)
N not shown, n=550
M, F
t 60 Questionnaire: Light-
intensity PA time per 
day (1.6–2.9 METs) and 
sedentary time (d 1.5 
METs) (time, hours in 
both): quartiles in both
8
(Lytle et al., 2004) (USA) N=1681, n=929
M, F
76,2 1) High exercise (aerobic 
exercise t 30 minutes 
duration t 3 times a 
week) 2) Low exercise (all 
other) 3) No exercise
2
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Assessment of cognitive function Covariates Main results (OR s or β-coefficients 
and 95% conﬁdence intervals for 
cognitive decline, low or none PA 
used as a reference group if not 
mentioned otherwise)
the Telephone Interview for 
Cognitive Status (TICS), animal 
naming, phonemic ﬂuency (count 
of F, A, and S words produced), 
Hopkins Verbal Learning Test 
(HVLT), and the Brief Test of 
Attention. Average of z-scores of 
tests. 
Age, sex, smoking, diabetes, and 
hypertension in 1978
Regular exercise: β-estimate for 
cognitive score Z-score units: 0.069 
(95 % CI –0.092, 0.230) (d45 y 
(n=285)β-estimate: –0.004 (95 % CI 
–0.231, 0.223) MET-hours per day: 
β-estimate: 0.012 (95 % CI–0.060, 
0.084) (d45y (n=285) β-estimate: 
0.039 (95 % CI –0.060, 0.138)
The information/orientation part 
of CAPE (the Clifton Assessment 
Procedure for the elderly)
Age, sex, education, major income, 
residence, gait time, incident 
cerebrovascular disease
(No versus yes):  
OR 2.1 (1.3 -3.3)
MMSE Age, gender, number of years of 
education, presence of chronic 
disease, IADL, depressive 
symptoms, smoking, hearing deﬁcit, 
baseline MMSE
OR for cognitive decline for no 
participation in regular physical 
activities: 1.06 (0.65–1.74)
Short Portable Mental Status 
Questionnaire (SPMSQ)
Age, sex, education, diabetes, 
hypertension, baseline score on 
cognitive test
Beta coefficient for Number of 
types of exercises performed and 
SPMSQ change (number of errors): 
-0.189 (p-value 0.002) and beta 
coefficient for Number of exercise 
sessions t 20 minutes and SPMSQ 
change: -0.045 (p-value 0.007).
Screening: MMSE. Diagnoses: 
standard criteria for dementia. 
Age, sex, education, depression, 
vascular risk scores, APOE 
genotype
OR for cognitive decline (MMSE) 
(per descending category of 
activity i.e. very active, fairly active, 
not very active, not at all active): 
1.51 (1.11–2.05)
Items from MMSE Age, age-square, follow-up-time, 
mobility problems, symptoms of 
mental distress, employment status, 
years of education, adult and 
childhood socioeconomic status, 
income, smoking, alcohol drinking
Beta estimate for men -0.04, 
p-value 0.607, beta estimate for 
women 0.17, p-value 0.017
3MS for screening, 3-stage clinical 
evaluation for diagnosis, NINCDS-
ADRDA-criteria
Age, education, regular smoking, 
regular alcohol use, use of NSAID, 
functional ability in basic and 
instrumental activities of daily 
living, self-rated health, the number 
of chronic health conditions (only 
age and education for cognitive 
decline) 
Cognitive decline: High:  
0.58 (0.41–0.83)
MMSE Age, sex, educational level, 
smoking status, self-rated health, 
Center for Epidemiological 
Studies – Depression Scale, sleep 
duration, whether participant was 
working, hypertension, myocardial 
infarctation, hyperlipidemia, 
diabetes mellitus, stroke, 
rheumatoid arthritis,  
OR for cognitive decline: light- 
intensity PA: lowest quartile: 1.00, 
second quartile: 0.58 (0.28–1.21), 
third quartile: 0.53 (0.25–1.12), 
highest quartile 0.39 (0.19–0.83). 
OR for cognitive decline: lowest 
sedentary time quartile: 1.00, 
second quartile 1.47 (0.74–2.89), 
third quartile: 1.37 (0.69–2.70), 
highest quartile: 2.66 (1.18–5.98)
MMSE Age, sex, education, self-rating of 
health
OR: No exercise: 1.00, Low exercise: 
0.69 (0.43–1.10), High exercise: 0.39 
(0.19–0.78)
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Source/cohort (country) Subjects (N= baseline 
target cohort, n= at 
follow-up or after 
declines), Sex
Age at 
baseline
Assessment of PA Follow-
up 
(years)
(Middleton, L. et al., 2008) 
(Canada)
N=6709, n=4683
M, F
73 High exercise: three or 
more times per week, 
more intense than 
walking, Moderate 
exercise: three or more 
times per week, equal 
intensity to walking, Low 
exercise: all other exercise, 
No exercise
5
(Middleton, L. E. et al., 
2008) (Canada)
N=10263, n=5376
M, F
76,1 High exercise: three or 
more times per week, 
at least as intense as 
walking, Low/No exercise: 
All other exercise, or none
5
(Middleton, L. E. et al., 
2011) (USA)
N=323, n=197
M, F
74,8 Activity energy 
expenditure (measured 
with doubly-labeled 
water 2 weeks apart and 
calorimetry for resting 
metabolic rate): tertiles
2 or 5
(Niti et al., 2008) 
(Singapore)
N=3577, n=1635
M, F
66 At least one PA: yes or 
no (physical exercise and 
callisthenic routines, taiji, 
walking, active sports or 
swimming
1.5 
(median)
(Pignatti et al., 2002) 
(Italy)
n=364
F
about 72 High, Low PA (high = 
walking over 2 km per 
day, not spesiﬁed further)
12
(Pizzie et al., 2014) (USA) N=173, n=91
M, F
64,9 Low PA (< 1000 METsx 
minutes), high PA (> 1000 
METs x minutes)
1-5, 
mean 
not told
(Psaltopoulou et al., 2008) 
(Greece)
N=1225, n=732
M, F
t 60 MET hours/day in 3 METxh 
increments continuosly
6.4-12.6 
(median 
8,0)
(Rajan et al., 2015) (USA) N not shown, n=7742
M, F
72,3 Quartiles of PA hours per 
week: 0 hours, 0.01-1.24 
hours, 1.25–3.99 hours, > 
4 hours 
9,5
(Richards et al., 2003) 
(UK)
N=5362, n=1919
M, F
36 Based on the Minnesota 
leisure-time PA 
questionnaire. No 
activities, 1-4 activities, 5+ 
activities per month
17
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Assessment of cognitive function Covariates Main results (OR s or β-coefficients 
and 95% conﬁdence intervals for 
cognitive decline, low or none PA 
used as a reference group if not 
mentioned otherwise)
Screening: 3MS. Diagnoses: 
DSM-III-R (in addition: VCI-ND 
means in this article cognitive 
impairment, but not dementia 
”of vascular origin” i.e. having 
also history of cerebrovascular 
disease, stroke, atherosclerosis, or 
other cardiovascular disease, MCI 
means memory impairment, but 
no other cognitive impairment, 
intact instrumental activities of daily 
living, no diagnosis of dementia, 
other causes for CIND: depression, 
Parkinson etc.)
Age, education, use of NSAIDs, sex, 
vascular risk factor index
OR for CIND (moderate-high levels 
compared to low PA): 0.73 (0.59–
0.91), for VCI-ND: 0.59 (0.40–0.88), 
for MCI: 0.96 (0.62–1.47). Signiﬁcant 
sex modiﬁcation of risk: for women 
CIND 0.62 (0.46–0.84) and for VCI-
ND 0.34 (0.18-0.63), other (for MCI 
and all for men) non-signiﬁcant and 
not shown. 
3MS None. The proportion of high exercisers 
who had stable or improved 
cognition: 42,3% (40,6–44,0%), the 
proportion of low/no exercisers who 
had stable or improved cognition: 
27,8 % (26,4–29,3 %). Khi2 test 
signiﬁcant. 
3MS Baseline 3MS, age, sex, race, site, 
education, fat free mass, sleep 
duration, self-rated health, diabetes
OR for cognitive decline: Lowest 
tertile: 1.00, second tertile: 0.28 
(0.06–1.23), highest tertile: 0.09 
(0.01–0.79)
MMSE Social activity, productive activity, 
age, gender, education, number 
of medical illnesses, vascular risk 
factors/events (hypertension, 
diabetes, cardiac diseases, stroke), 
smoking, alcohol drinking, physical 
functional status, depression, APOE 
ε4 status, baseline MMSE.
OR for cognitive decline: No: 1.00, 
Yes: 0.78 (0.60–1.02)
The Mental Status Questionnaire 
(MSQ)
Baseline MSQ RR for cognitive decline for low PA: 
3.7 (1.2-11.1)
Clinical Dementia Rating (CDR) 
based on Free and Cued Selective 
Reminding Test for verbal memory, 
the Trail Making Test Part A, Part B, 
category ﬂuency and the Letter-
Number Sequencing task .
Age at baseline PA assessment, 
gender, education, baseline 
cognitive performance on each 
test, APOE4 status, GDS (Geriatric 
Depression Scale-Short Form), 
parenta history of AD
No signiﬁcant association with 
linear mixed effects modeling, 
exact results not shown (only a 
picture), but signiﬁcant association 
for PA and cognition in at high risk 
patients
MMSE Gender, age, marital status, years 
of education, height, BMI, smoking, 
alcohol intake, hypertension, 
diabetes, depression, daily energy 
intake, Mediterranean diet score
Multivariate linear regression 
analysis for the mean score of 
MMSE: Beta coefficient: 0.22 
(0.02–0.42)
Battery of four tests: immediate and 
delayed recall of the East Boston 
Story, Symbol Digits Modalities test, 
MMSE. A composite score of these 
four tests. 
Physical function, activities of daily 
living, depressive symptoms. 
Linear mixed effects model: for 
white: PA > 1.25 h/wk decreased 
cognitive decline  with20% (13-37%) 
(crude outcome, fully adjusted not 
shown)
15 item word learning task devised 
by the NSHD (the MRC (Medial 
Research Council) National Survey 
of Health and Development). 
Spare-time activity, education, sex, 
manual social class, cognition at 
15, physical disorder at 36, mental 
disorder at 36.
B estimate for change in verbal 
memory: Any PA 0.44 (0.01-0.87)
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Source/cohort (country) Subjects (N= baseline 
target cohort, n= at 
follow-up or after 
declines), Sex
Age at 
baseline
Assessment of PA Follow-
up 
(years)
(Sabia et al., 2017) (UK) n=10308, n=5123
M, F
44 High PA: more than 
2.5 hours per week of 
moderate PA or more 
than 1 hour per week of 
vigorous PA.
17
(Schuit  
et al., 2001) (The 
Netherlands)
N=560, n=347
M
74,6 1) d 30 min/d 2) 31-60 
min/d 3) t 60 min/d 3
(Singh-Manoux et al., 
2005) (UK)
N=10 308, n=6236
M, F
35-55 Questionnaire: PA at 
baseline (1985–1988), 
in 1991–1994 and in 
1997–1999 0) high t 2,5h 
moderate or t 1h vigorous 
1) medium 2) low < 2h 
moderate or < 1h vigorous 
exercise per week; and 
summary score of these 
scores 0-6
11
(Sturman  
et al., 2005) (USA)
N=8501, n=4055
M, F
73,5 Exercise hours in nine 
activities per week
6,4
(Sumic et al., 2007) (USA) n= 66
M, F
t 88.5 1) d 4hours/week 2) > 4 
hours/week
4,7
(van Gelder et al., 2004) 
(Finland, the Netherlands, 
Italy)
N=2285, n=295
M
Mean
73-76
1) Volume: d 30 min/d, 
31-60 min/d, 61-120 min/d, 
> 120 min/d 2) Intensity: 
quartiles of mean intensity
10
(Wang, J. Y. et al., 2006) 
(China)
N=9341, n=5437
M, F
63 Hours spent per week 
in PA (walking, ﬁshing, 
running, and gardening). 
No information on what 
level is the control group 
(no PA reported?). 
4,7
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Assessment of cognitive function Covariates Main results (OR s or β-coefficients 
and 95% conﬁdence intervals for 
cognitive decline, low or none PA 
used as a reference group if not 
mentioned otherwise)
Executive function: a measure of 
reasoning and 2 measures of verbal 
ﬂuency. The Alice Heim 4-I (AH4-I) 
test was used to assess reasoning. 
Phonemic ﬂuency was assessed via 
‘‘S’’ words, and semantic ﬂuency 
was assessed via ‘‘animal’’ words. 
Memory was assessed by using a 
test of short-term verbal memory 
that included a 20-word free recall 
test.
Age, sex, and socioeconomic 
position
0.95 (0.81–1.11)
MMSE  age, education, smoking, alcohol 
consumption, impaired cognitive 
functioning at baseline, medical 
history of myocardial infarctation, 
angina pectoris, temporary 
ischaemic attack, non-insulin 
dependent diabetes mellitus, 
cerebrovascular disease.
OR for: d 30 min/d: 2.0 (0.7–5.6), 
31-60 min/d: 1.8 (0.6–5.1) and t 60 
min/d: 1.0
20-word free-recall test, Alice Heim 
4-I measure of ﬂuid intelligence, 
phonemic verbal ﬂuency, semantic 
verbal ﬂuency
Age, gender, education, socio-
economic position, self-rated health, 
blood pressure, cholesterol levels, 
smoking status, mental health 
status, social network, a proxy for 
baseline cognitive functioning (the 
Mill Hill Vocabulary Scale)
High PA from baseline used as a 
reference for low PA, ORs: memory: 
non-signiﬁcant, Alice Heim 4-I: OR 
1.65 (1.30–2.10), Phonemic Fluency: 
non-signiﬁcant, Semantic Fluency: 
Non-signiﬁcant
Global cognitive score from 4 
cognition tests (East Boston Tests 
of Immediate Memory and Delayed 
Recall, MMSE, the Symbol Digit 
Modalities Test)
Age, sex, race, education, cognitive 
activities (model 2), depression, 
vascular diseases (model 3)
Mixed model beta coefficient in 
model 2: 0.0006 (p-value 0.10) and 
in model 3: 0.0005 (p-value 0.19)
MMSE, CDR (Clinical Dementia 
Rating Scale, biannual evaluation, 
low score on two consecutive 
assessments)
Age, education, apolipoprotein 
allele 4 status, and cognitive 
function (Delayed Recall Test)
Hazard ratio: for women 0.12 (0.03-
0.41), for men 0.91 (0.25 -3.40)
MMSE Age, education, smoking status, 
alcohol consumption, country, 
mental activities, intensity/duration
Mean change in MMSE: d 30 min/d: 
-1,1 (-2,3; 0,0), 31-60 min/d: -2,0 
(-3,2; -0,8), 61-120 min/d: -1,2 (-2,0; 
-0,4),> 120 min/d: -1,7(-2,4;-0,9). 
Intensity: lowest quartile: -2,7(-3,7;-
1,8), second quartile: -1,1(-2,0;-0,3), 
third quartile: -0,8(-1,7;0,1), highest 
quartile: -1,5(-2,3;-0,6) (Khi2 tests)
The Chinese version of MMSE age, sex, education, occupation, 
medical conditions, smoking, 
drinking, depressive symptoms, 
baseline MMSE, and ADL scores, 
and participation in other activities 
(cognitive or social). 
All: 0.98 (0.95–1.01),                                             
Subjects with a full baseline MMSE 
score and did not develop cognitive 
impairment during the ﬁrst year of 
follow-up: 0.96 (0.83–1.10) (n=1423)
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Source/cohort (country) Subjects (N= baseline 
target cohort, n= at 
follow-up or after 
declines), Sex
Age at 
baseline
Assessment of PA Follow-
up 
(years)
(Wang, S. et al., 2014) 
(USA)
n=1299, n=1249
F
83,3 Self-reported blocks 
walked per day and 
analyzed by tertile
5
(Vercambre et al., 2011) 
(USA)
N=3170, n=2809
F
Mean 
72-73
Quintiles of total energy 
expenditure in exercise
5,4
(Verdelho et al., 2012) 
(Europe)
n=638, (51 failed to 
participate in the follow-
up, they are assumed 
to be without cognitive 
decline)
M, F
74,1 Interview: Physically active 
if at least 30 minutes of 
activity on at least 3 days 
per week. 
3
(Verghese et al., 2006) 
(USA)
N=488, n=353
M, F
Mean 
79-80
PA score: Ten physical 
activities (tennis, golf, 
swimming, bicycling, 
dancing, group exercises, 
team games, walking, 
climbing more than 
two ﬂights of stairs, 
babysitting). For each 
activity: 7 points for daily 
participation, 4 points for 
participating several days 
a week, 1 point for weekly 
participation, 0 points for 
participating occasionally 
or never.
5.6 
(median)
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Assessment of cognitive function Covariates Main results (OR s or β-coefficients 
and 95% conﬁdence intervals for 
cognitive decline, low or none PA 
used as a reference group if not 
mentioned otherwise)
Screening: 3MS, a measure of 
global cognition, digit span 
backwards, a test of working 
memory or attention, the California 
Verbal Learning Test II Short Form 
including a delayed recall portion, 
verbal ﬂuency test ( as many words 
as possible starting with the letter 
”f” in a minute, category ﬂuency 
with naming as many vegetables 
as possible within a minute and 
Trails B. Diagnoses: DSM-IV (for 
dementia) and Petersen criteria 
(for MCI). 
None. No difference by activity level to 
the risk of MCI (22.8% for high, 
24.0% for moderate, 22.2% for low, 
x2 test p= 0.88)
A global composite score 
(computed as the mean of the 
z-scores from all cognitive tests). 
Five cognitive tests: TICS, TICS 10-
word list (immediate and delayed 
recalls), the East Boston Memory 
Test (immediate and delayed 
recalls, category ﬂuency: naming 
as many animals as possible in one 
minute)
Age, education, marital status, 
alcohol intake, use of multivitamin 
supplements, smoking status, BMI, 
postmenopausal hormone therapy 
use
Mean differences in annual rates of 
cognitive change: reference: lowest 
quintile, second quintile: 0.00 
(-0.01, 0.02), third quintile: 0.02 
(0.00, 0.04), fourth quintile: 0.02 
(0.001, 0.04), highest quintile: 0.3 
(0.01, 0.05)
MMSE, the Vascular Dementia 
Assessment Scale cognitive 
subscale (VADAS-Cog), Stroop 
and Trail Making tests as measures 
of executive function. NINCDS-
ADRDA, NINDS-AIREN, McKhann 
GM, Albert MS, Grossman M, Miller 
B, Dickson D, Trojanowski JQ; Work 
Group on Frontotemporal Dementia 
and Pick’s Disease. Clinical 
and pathological diagnosis of 
frontotemporal dementia: report of 
the Work Group on Frontotemporal 
Dementia and Pick’s Disease. Arch 
Neurol. 2001;58:1803–1809
Diabetes, global cognitive status at 
baseline
 0.71 (0.257–0.940)
Screening and aMCI: the ﬁve-item 
Blessed-Test memory phrase. 
Diagnoses: DSM-III-R and subtyped 
using established criteria.
Age, sex, education, chronic 
illnesses
HR: 0.97 (0.933–1.008) (one-point 
increment PA score) for aMCI
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Source/cohort (country) Subjects (N= baseline 
target cohort, n= at 
follow-up or after 
declines), Sex
Age at 
baseline
Assessment of PA Follow-
up 
(years)
(Verghese et al., 2009) 
(USA)
N=488, n=401
M, F
Mean 
79–80
PA score: Ten physical 
activities (tennis, golf, 
swimming, bicycling, 
dancing, group exercises, 
team games, walking, 
climbing more than 
two ﬂights of stairs, 
babysitting). For each 
activity: 7 points for daily 
participation, 4 points for 
participating several days 
a week, 1 point for weekly 
participation, 0 points for 
participating occasionally 
or never.
4
(Weuve et al., 2004) 
(USA)
N=22 715
n=16 466
F
30–55 Quintiles of average MET 
from 8to 15 years
1.8
(Willey et al., 2014) (USA) N=3298, n=not shown
M, F
69,2 MET-score 1) none 2) d 14 
3) > 14
4,7
(Willey et al., 2016) (USA) N=3298, n=993
M, F
71 Questionnaire, intensity, 
frequency and duration of 
various physical activities
5
(Virta et al., 2013a) 
(Finland)
N=2926,     n=2 165
M, F
52 Questionnaire: 1) 
conditioner: t 6x/month & t 30 minutes of exercise 
at least at the intensity 
of vigorous walking, 2) 
occasional: other PA, 
3) no LTPA and MET 
quartiles in 1981
23
(Yaffe et al., 2001) (USA) N=7701, n=5925
F
70–71 1) Quartiles according to 
blocks walked in a week 
2) Quartiles according to 
total kilocalories expended 
per week
7,5
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Assessment of cognitive function Covariates Main results (OR s or β-coefficients 
and 95% conﬁdence intervals for 
cognitive decline, low or none PA 
used as a reference group if not 
mentioned otherwise)
Diagnoses of dementia: DSM-III-R 
and subtyped using established 
criteria. MCI of vascular origin: 
(1) non-amnestic impairment: 
Digit Symbol Substitution, Digit 
span, Category Fluency test 2) 
cerebrovascular disease based on 
Hachinski Ischemic score symptom 
questionnaire, hemiparesis on 
clinical evaluation or history of 
stroke). 
Sex, education, medical illnesses, 
the Blessed test score (baseline 
cognition) (age is the time scale in 
their statistical method)
HR for VCI: (1-point increment in 
Physical Activity Score): 0.993 
(0.961–1.027)
TICS, East Boston Memory tests, 
category ﬂuency, The Digit Span 
Backwards, delayed recall, global 
combined score
age, education, husband’s 
education, alcohol use, smoking 
status, aspirin use, ibuprofen use, 
vitamin E use, balance problems, 
health limitations in ability to walk 
a block, osteoarthritis, emphysema 
or chronic bronchitis, fatigue, poor 
mental health, antidepressant use, 
moderate to severe bodily pain
Mean differences (TICS): quintiles 1 
(lowest) reference, quintile 2: 0.20 
(0.07 to 0.32), quintile 3: 0.27 (0.15 
to 0.40), quintile 4: 0.28 (0.15 to 
0.40), quintile 5: 0.28 (0.21 to 0.47), 
(n=16 353) OR: 0.80 (0.67–0.95)
TICSm (modiﬁed TICS) Age, ethnicity, sex, insurance, 
completing high school education, 
HDL, current tobacco use, moderate 
alcohol use, hypertension, current 
cholesterol lowering medications, 
depression, diabetes
Beta coefficient   MET-score (high 
vs. n PA): -0.03 (year) (p-value: 0.5)
Neuropsychological tests for 
episodic memory (list-learning: 
total recall, delayed recall, delayed 
recognition), executive function 
(time to complete the Color Trails 
test Form 1 and 2, Odd-Man-Out 
subtests 2 and 4 ), processing 
speed (eg. Groved Pegboard task), 
semantic memory (picture naming, 
category ﬂuency and phonetic 
ﬂuency)
Age, sex, education, Medicare 
status, crystallized abilities, time 
from baseline to ﬁrst cognitive 
assessment, MVPA, smoking, 
alcohol consumption, BMI, 
hypertension, diabetes
Beta coefficient of LTPA (leisure-
time PA: no or light vs moderate or 
heavy): for processing speed -0.23 
(p=0.040), for executive function 
0.005 (p=0.968), for semantic 
memory -0.045 (p=0.693), for 
episodic memory -0.223 (p=0.057).
TELE Age, sex, education, the length of 
the follow-up
High PA used as a reference group: 
OR for sedentary: 2.52 (1.10–5.76), 
OR for lowest MET quartile 1.86 
(1.27–2.73)
Modiﬁed Mini-Mental State 
Examination (mMMSE)
Baseline age, educational level, 
health status, functional limitation, 
depression score, stroke, diabetes, 
hypertension, myocardial 
infarctation, smoking, estrogen use.
OR for quartiles according to 
walked blocks: lowest 1.00, second 
0.87 (0.72–1.05), third 0.63 (0.52–
0.77), highest 0.66 (0.54–0.82). OR 
for kilocalories per week: lowest 
1.00, second 0.90 (0.74–1.09), third 
0.78 (0.64 0.96), highest 0.74 
(0.60–0.90)
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Source/cohort (country) Subjects (N= baseline 
target cohort, n= at 
follow-up or after 
declines), Sex
Age at 
baseline
Assessment of PA Follow-
up 
(years)
(Yaffe et al., 2009) (USA) N=3075, n=2509
M, F
Mean
73–74
Weekly moderate or 
vigorous PA (e.g. aerobics, 
weight training or brisk 
walking at least once a 
week)
7
(Zhu, W. et al., 2017) 
(USA)
N=7098, n=6452
M, F
69,7 Accelerometer, moderate 
to vigorous PA quartiles
2,9
Abbreviations: 6CIT= Six Item Cognitive Impairment Test, AH4-1 = the Alice Heim 4-1 test for logic skills, aMCI = 
amnestic mild cognitive impairment, CANTAB= Cambridge Neuropsychological Automated Battery, CAPE = The Clifton 
Assessment Procedure for the elderly, CDR= Clinical Dementia Rating, CIND= Cognitively impaired, no dementia, DSM-
III-R = The diagnostic and Statistical Manual of Mental Disorders 3rd edition revised, HVLT= Hopkins Verbal Learning 
Test, MSQ = The Mental Status Questionnaire, NINDS-AIREN= The National Institute of Neurological Disorders and 
Stroke and Association Internationale pour la Recherché et l’Enseignement en Neurosciences, SPMSQ= Short Portable 
Mental Status Questionnaire, TICSm= modiﬁed TICS, VADAS-Cog= The Vascular Dementia Assessment Scale cognitive 
subscale 
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Assessment of cognitive function Covariates Main results (OR s or β-coefficients 
and 95% conﬁdence intervals for 
cognitive decline, low or none PA 
used as a reference group if not 
mentioned otherwise)
3MS  Age, ethnicity, education, REALM 
(Rapid Estimate of Adult Literacy 
in Medicine, word recognition test 
t test literacy), works or volunteers, 
caregiver (or not), social support, 
lives with someone, self-rated 
health, drinks > 1 alcoholic drink per 
day, current smoking, depression, 
BMI, hypertension, diabetes, stroke/
TIA history, APOE ε4 allele, CRP, IL-
6, triglycerides, fasting glucose
OR: moderate to vigorous exercise: 
(maintainer of cognition score vs. 
decliner): 1.31 (1.06–1.62)
Six Item Screener Age, sex, race, region of residence, 
education, body mass index, 
hypertension, smoking and diabetes
OR for Quartile 2: 0.64 (0.48-
0.84), Quartile 3: 0.53 (0.38–0.75), 
Quartile 4: 0.57 (0.39–0.82)
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Appendix II Prospective studies assessing physical activity and dementia
Source/cohort Subjects at baseline (N), 
subjects at follow-up (n), 
Sex (M for men and F for 
women)
Age at 
baseline
Assessment of PA Follow-up 
(mean in 
years)
(Abbott et al., 2004) 
(Hawaii, USA)
N=3734, n=2257
M
Mean age 
76–77
Distance walked per day: > 
0.25 mile, 0.25 to 1 mile, >1 
to 2 mile, > 2mile
4,7
(Simons et al., 2006) 
(Australia)
N=3872, n=2805 (at 
baseline), n for follow-up 
not told
M, F
t 60 Gardening (daily vs. rarely), 
Walking (daily vs. rarely)
16
(Akbaraly et al., 2009) 
(France)
N=7051, n=5698
M, F
Mean age 
74–78
Score according to duration 
and activity (doing odd 
jobs, gardening, going for a 
walk): 0 (none ot less than 
1 hour per day), 1 (1 -2h 
per day), 2 (t 2 h per day). 
Range (0-6): low < 2, mild 
= 2, high > 2.
4
(Bowen, 2012) (USA) N=856, n=808
M, F
Mean age 
75–81
Vigorous physical score  
(on average engagement in 
activities such as aerobics, 
sports, running, swimming, 
bicycling, heavy housework, 
a job involving heavy 
physical work at least three 
times a week during the 
last 12 months): 0 (none) – 
3 (vigorous activity at three 
follow-ups)
Median 5
(Broe et al., 1998) 
(Australia)
N=613, n=449
M, F
80,6 Times per month 1) worked 
in garden or yard 2) did 
active sports or exercises, 
3) went for walks
3
(Buchman et al., 2012) 
(USA)
N=1258, n=716
M, F
81,6 Total daily PA measured 
with 24h/d actigraphy for 
10 days (in activity counts 
per day)
3,5
(Carlson et al., 2008) 
(USA)
n= 147 twin pairs
M
45 Participation in “outdoor 
activities”, “sports”, 
“gardening and home 
improvement” and 
“physical exercise after age 
35” and a summary score 
of them (max. 4)
28
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Assessment of dementia Covariates Main results (ORs and 95% 
conﬁdence intervals for dementia, 
low PA used as a reference group if 
not mentioned otherwise)
Screening: Cognitive Ability 
Screening Instrument (CASI). 
Diagnoses DSM-III-R, NINCDS-
ADRDA, the criteria for California 
Alzheimer’s Disease Diagnostic and 
Treatment Centers for VaD.
Age, presence of apolipoprotein 
ε4 alleles, baseline Cognitive 
Abilities Screening Instrument score, 
decline in PA since mid-adulthood, 
physical performance score, years 
of education, BMI, childhood years 
spent living in Japan, status as a 
skilled professional, hypertension, 
diabetes, prevalent coronary heart 
disease, total and high-density 
lipoprotein cholesterol
Proportional hazard regression: 
Relative Hazard (RH) for < 0.25 
mile: 1.93 (1.11–3.34), 0.25 to 1 mile: 
1.75 (1.03–2.99), >1 to 2 mile: 1.33 
(0.73–2.45), > 2mile: 1.00
Diagnosis of dementia from medical 
records, if the participant has been 
placed in a nursing home
Age, alcohol intake, gardening/
walking, peak expiratory ﬂow, 
depression score, marital status, 
education, prior history of stroke, 
activities of daily living
HR for dementia: gardening (daily 
vs. rarely): 0.64 (0.50–0.83), walking 
(daily vs. rarely): 1.00 (0.78–1.28)
DSM-IV, NINCDS-ADRDA, NINDS-
AIREN (National Institute of 
Neurological Disorders and Stroke-
Association Internationale pour la 
Recherche en l’Enseignement en 
Neurosciences) criteria
Gender, educational level, 
occupational grade, study center, 
marital status, hypertension, 
diabetes, vascular diseases history, 
hypercholesterolemia, depressive 
symptoms, APOE genotype, 
incapacity in daily life activity, 
cognitive impairment assessed by 
MMSE (no mention when: at baseline 
or at follow-up)
HR: low: 1.00, mild 0.91 (0.59–1.39), 
high 1.09 (0.73-1.63) for all dementia
A battery of neuropsychological 
measures and standardized 
neurological examination
Age, sex, ethnicity, education, 
APOE genotype, smoking, alcohol 
consumption, BMI, diabetes, 
hypertension, stroke, heart disease, 
baseline TICS
OR 0.79 (0.64–0.97)
MMSE, neuropsychological test 
battery: Logical Memory I and II, 
Visual Reproduction I and II subtests 
from the Wechsler Memory Scale-
Revised, the Controlled Oral Word 
Association Test, the National Adult 
Reading Test, Cube Copying, Clock 
Drawing
Age, sex, education Logistic regression analysis: no 
signiﬁcant results (results not 
shown)
19 tests of cognitive function (not 
speciﬁed), diagnoses, diagnoses 
NINCDS-ADRDA
Age, sex, education, BMI, depressive 
symptoms, vascular risk factors, 
vascular diseases. 
HR 0.435 (0.244–0.778)
Screening: TICSm (modiﬁed TICS) 
or IQCODE (Informant questionnaire 
on Cognitive Decline in the Elderly) 
if TICSm not possible. Diagnosis: 
neurological and neuropsychological 
evaluation including CERAD, ﬁnal 
diagnoses by a consensus panel of 
neurologists.
None OR: 0.99 (0.73–1.33)
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Source/cohort Subjects at baseline (N), 
subjects at follow-up (n), 
Sex (M for men and F for 
women)
Age at 
baseline
Assessment of PA Follow-up 
(mean in 
years)
(Chang, M. et al., 2010) 
(Iceland)
N=5764, n=4945
M, F
51 Interview: 1) none d 5 
hours/week 3) > 5 hours/
week 
26
(de Bruijn et al., 2013) (The 
Netherlands)
N=10274, n=4406
M, F
72,7 Log transformed MET 
hours per week
8,8
(Elwood et al., 2013) (UK) n=2235, n=1225
M
45–59 Question:  PA described 
as walking two or more 
miles to work each day, 
or cycling ten or more 
miles to work each day, 
or ‘vigorous’ exercise 
described as a regular 
habit;
30
(Gross et al., 2017) (USA) N=1337, n=682, n=646
M, F
47 (38-63) MET hours per day and 
engagement in regular 
exercise (At least once a 
week, do you engage in 
any regular exercise such 
as brisk walking, jogging, 
bicycling, etc., long enough 
to work up a sweat?”)
30
(Gureje et al., 2011) 
(Nigeria)
N=2149, n=1225
M, F
74,5 Low, moderate and high 
levels of PA (based on 
the International Physical 
Activity Questionnaire and 
categorized according to 
standard scoring criteria 
www.ipaq.ki.se)
3
(Hebert et al., 2000) 
(Canada)
N=8623, n=5747
M, F
Mean age 
76-78
Engagement in regular 
exercise (not speciﬁed)
5
(Karp et al., 2006) (USA) N=2368, n=1810, n=1473, 
n=1375, n=732
M, F
t75 Interview: Physical 
component score: physical 
component score was 
assigned to each of the 
29 activities and grading 
was based on authors’ own 
evaluations (low, moderate, 
high). Then the number of 
moderate/highly scored 
activities were summed up. 
6  
(at 3 years 
demented 
were 
excluded)
(Kim et al., 2011) (South 
Korea)
n=1204, n=518
M, F
Mean 72–78 PA: a self-report on 4-point 
scale: very active, fairly 
active, not very active, not 
at all active)
2,4
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Assessment of dementia Covariates Main results (ORs and 95% 
conﬁdence intervals for dementia, 
low PA used as a reference group if 
not mentioned otherwise)
Cognitive tests:1) Speed of 
processing: digit symbol substitution 
test, Figure Comparison, modiﬁed 
Stroop test part I and II, 2) memory: 
modiﬁed version of the California 
Verbal Learning Test, immediate and 
delayed recall, 3) executive function: 
Digits backwards, a shortened 
version of the CANTAB Spatial 
Working Memory test, the Stroop 
test part III, 4) MMSE and DSM-IV 
diagnosis of dementia
Age, sex, education, body mass 
index, systolic blood pressure, 
smoking, cholesterol
Medium PA: OR 0.59 (0.40–0.88) 
high PA: OR 0.76 (0.34–1.63)
Screening: MMSE and the Geriatric 
Mental Schedule (GMS) organic 
level. Diagnoses: the Cambridge 
Examination for Mental Disorders 
in the Elderly (CAMDEX) interview, 
DSM-III-R, NINCDS-ADRDA.
Age, sex, score on MMSE (not 
spesiﬁed if baseline), low educational 
level, smoking, APOE ε4 carrier 
status, hypertension, BMI, diabetes, 
total cholesterol, HDL cholesterol
HR for dementia: 0.93 (0.85–1.02)
Medical records, Cambridge 
Cognitive Score, comprehensive 
diagnostics for those who screened 
positive in Cambridge Cognitive 
Score
Age, social class OR 0.41 95% CI 0.22, 0.77; P<0.005
The Telephone Interview for 
Cognitive Status (TICS), animal 
naming, phonemic ﬂuency (count 
of F, A, and S words produced), 
Hopkins Verbal Learning Test (HVLT), 
and the Brief Test of Attention. 
Average of z-scores of tests. 
Age, sex, smoking, diabetes, and 
hypertension in 1978
Regular exercise: HR for 
dementia: 1.51 (95 % CI 0.55, 
4.20) (d45 y (n=285)HR: 
2.37 (95 % CI 0.29, 19.09)                                
MET-hours per day: HR: 1.36 (95 % 
CI 0.91, 2.03) (d45y (n=285) HR: 1.65 
(95 % CI 0.91, 3.01)
The 10-Word Delayed Recall Test and 
the Clinician Home-based Interview 
to assess Function 
Age, sex, education OR for dementia: High: 1.00, 
Moderate 1.0 (0.4–2.7), Low: 1.5 
(0.5–4.6)
Screening: 3MS. Diagnosis of 
vascular dementia: DSM-IV and 
NINDS-AIREN.
Age, region Vascular dementia: OR for men: 1.24 
(0.57–2.94) and for women: 0.46 
(0.25–0.82)
DSM-III Age, sex, education, baseline 
MMSE score, comorbidity, physical 
functioning and depressive 
symptoms.
0.61 (0.42–0.87) (0 vs. 1-12 physical 
activity component score)
Screening: MMSE. Diagnoses: 
standard criteria for dementia. 
Age, sex, education, depression, 
vascular risk scores, APOE genotype
OR for dementia (per descending 
category of activity i.e. very active, 
fairly active, not very active, not at 
all active): 2.72 (1.61–4.60)
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Source/cohort Subjects at baseline (N), 
subjects at follow-up (n), 
Sex (M for men and F for 
women)
Age at 
baseline
Assessment of PA Follow-up 
(mean in 
years)
(Kishimoto et al., 2016) 
(Japan)
N=837, n=803
M, F
74 Active group: engaging 
in exercise at least one 
or more times per week 
during leisure time 
(utilitarian PA such as 
walking to the shops was 
not included)
17
(Larson et al., 2006) (USA) N=5422, n=1895, n=1740
M, F
74 1) PA < 3 times/week 2) PA t 3 times/week) 6,2
(Laurin et al., 2001) 
(Canada)
N=6434, n=4615
M, F
t 65 Questionnaire                                     
1) high t 3x/week, at 
intensity greater than 
walking  2) moderate t3x/
week, walking intensity 3) 
low: others 4) no PA
5
(Lee, A. T. et al., 2015) 
(Hongkong)
N=15589
M, F
t 65 Self-reported habitual 
physical exercise patterns, 
including the frequency, 
duration, and type of 
exercise
6
(Li, G. et al., 1991) (China) n=1090
M, F
t 60 ”Limited PA” or not 3
(Lindsay et al., 2002) 
(Canada)
N=6434, n=4615
M, F
t 65 Regular PA: yes or no 
(regular not explicitly 
deﬁned)
5
(Llamas-Velasco et al., 
2015) (Spain)
N=6395, n=5278 (baseline), 
n=3105
M, F
74,3 PA groups (sedentary, 
light, moderate, high) 
based on questionnaire 
on daily hours dedicated 
to sedentary lifestyle, 
slight PA (e.g. walks 
independently at home), 
moderate (regular house 
chores, walks up to one 
kilometer a day), high PA 
(heavy housework, walks 
more than one kilometer, 
practices any sport 
regularly)
3,2
(Luck et al., 2014) 
(Germany)
N=22701, n=10850, n=2492
M, F
81,1 Participation in an activity 
every day or several times 
a week versus once a 
week, less than once a 
week, or never. Interview: 
(cycling, hiking or doing 
long walks, swimming, 
gymnastics, doing 
housework or gardening, 
babysitting, doing other 
activities such as bowling 
or 
playing golf and how often. 
4,5
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Assessment of dementia Covariates Main results (ORs and 95% 
conﬁdence intervals for dementia, 
low PA used as a reference group if 
not mentioned otherwise)
DSM-III, NINCDS-ADRDA, NINDS-
AIREN for VaD or autopsy-based 
diagnoses
Age, sex low education level, systolic 
blood pressure, antihypertensive 
agents, diabetes, total cholesterol, 
body mass index, electrocardiogram 
abnormalities, history of stroke 
at entry, smoking habits, alcohol 
consumption
HR for active group 0.78 (0.60–1.01)
Screening: CASI. Diagnosis: DSM-IV, 
NINCDS-ADRDA.
Presence of apolipoprotein E ε4 
alleles, diabetes, hypertension, 
cerebrovascular disease, coronary 
heart disease, self-rated health, 
physical performance, depression, 
cognitive functioning
HR: 0.68 (0.48–0.96)
3MS for screening, 3-stage clinical 
evaluation for diagnosis, NINCDS-
ADRDA-criteria
Age, education, regular smoking, 
regular alcohol use, use of NSAID, 
functional ability in basic and 
instrumental activities of daily living, 
self-rated health, the number of 
chronic health conditions (only age 
and education for cognitive decline) 
Dementia: high: 0.63 (0.40 -0.98)
Clinical dementia according to 
ICD-10 or Clinical Dementia Rating 
(CDR) 1-3
Age, gender, educational level, 
and physical and psychiatric 
comorbidities.
OR for dementia for aerobic 
0.81 (0.68–0.95) and mind-body 
exercises 0.76 (0.63-0.92).
Screening: MMSE and the Crichton 
Royal Behavior Rating Scale. 
Diagnoses: modiﬁed DSM-III.
? (full text not reached) Higher risk of developing dementia 
(results not shown in abstract)
Screening: 3MS. Diagnosis of 
Alzheimer’s disease: DSM-IV.  
Age, sex, education OR: 0.69 (0.50–0.96)
Screening: Spanish adaptation of 
MMSE and an adapted Spanish 
version of Pfeffer’s Functional 
Activities Questionnaire. Diagnoses: 
DSM-IV, NINCDS-ADRDA
Age, sex, education, alcohol 
consumption, stroke, hypertension, 
Charlson index (”health indicator”)
HR for dementia: Light PA: 0.53 
(0.34–0.82), Moderate PA: 0.45 
(0.27–0.76), High PA: 0.29 (0.16–
0.52)
DSM-IV, NINCDS-ADRDA Age, gender, education, alcohol 
consumption, smoking, MMSE score, 
mental activity and co-morbidity 
at follow-up I (diabetes mellitus, 
hypertension, cardiac arrhythmia, 
coronary heart disease, myocardial 
infarction, peripheral arterial 
obstructive disease, carotid artery 
stenosis > 80%, transient ischaemic 
attack, stroke, hyperlipidaemia, 
hypercholesterolaemia, 
hyperthyroidism, hypothyroidism, 
traumatic brain injury and 
depression)
0.79 (0.70–0.90)
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Source/cohort Subjects at baseline (N), 
subjects at follow-up (n), 
Sex (M for men and F for 
women)
Age at 
baseline
Assessment of PA Follow-up 
(mean in 
years)
(McCallum et al., 2007) 
(Australia)
n=2805 (73% attendance 
rate baseline)
M, F
> 60 Interview: walking (daily vs. 
rarely)
14
(Morgan et al., 2012) (UK) N=2959, n=1225
M
56 Minnesota Leisure 
Time Physical Activity 
Questionnaire:  1) high 2) 
moderate 3) low tertiles 
from a composite value 
combining activity type, 
duration and frequency 
16
(Paganini-Hill et al., 2016) 
(USA)
N=1919, n=587
M, F
93 Doing vigorous exercise 
(rarely/never vs. more 
frequently)
3
(Podewils et al., 2005) 
(USA)
N=5888, n=3375
M, F
74,8 Quartiles of leisure-time 
energy expenditure
5,4
(Ravaglia et al., 2008) 
(Italy)
N=1353, n=749
M, F
73,2 1) Tertiles of weekly energy 
expenditure 2) ACSM 
recommendation of PA: 
yes or no
3,9
(Rosness et al., 2014) 
(Norway)
N=31086, n=26941, 
n=26055 (fully adjusted)
M, F
72,4 Self-report of an average 
week fro the past year:  
Light exercise (not causing 
perspiration or panting) 
less or more than 3 hours 
per week, Hard exercise 
(causing panting and 
perspiration) less or more 
than 3 hours a week
10,3
(Rovio et al., 2007) 
(Finland)
N=2000, n= 1158
M, F
50,4 Work-related PA: ”How 
physically heavy is your 
work?” 1) sedentary 
work 2) physical work . 
Commuting PA to and 
from work: 1) not at all 2) 
59min or less 3) at least 60 
minutes
20,9
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Assessment of dementia Covariates Main results (ORs and 95% 
conﬁdence intervals for dementia, 
low PA used as a reference group if 
not mentioned otherwise)
Medical records: ICD-9, ICD-10 Marital status, education, prior 
history of stroke, activities of daily 
living
1.00 (0.78-1.28)
Screening: CAMCOG, diagnosis: 
NINDS-AIREN criteria
Age, social class, National Adult 
Reading Test score, smoking 
status, marital status, self-reported 
history of vascular disease, 
alcohol consumption, body mass 
index, common mental disorder, 
Spielberger’s State-Trait Anxiety 
Index score
OR: moderate: 0.57 (0.28–1.16),  
high: 1.16 (0.61–2.19)
DSM-IV for most (for whom in-
person evaluation was possible), 
for others: MMSE (age-speciﬁc and 
education-speciﬁc cut-off score 
derived from the same cohort) or 
CASI d 25)
Age, sex, education HR for incident dementia: rarely/
never: 1.00, more frequently: 0.88 
(0.67–1.16)
Screening: the modiﬁed Mini-Mental 
State Examination (3MS)
Age, educational level, gender, 
ethnicity, apolipoprotein E genotype, 
baseline 3MS, baseline MRI white-
matter-grade score, activities of 
daily living impairment, instrumental 
activities of daily living impairment, 
Lubben Social Network Score, social 
support score. 
HR: lowest quartile: 1.00, second 
quartile: 1.22 (0.93–1.60), third 
quartile: 0.94 (0.69–1.28), highest 
quartile: 0.85 (0.61–1.19) 
Screening: MMSE, ADL (activities 
of daily living); IADL (instrumental 
activities of daily living) Diagnoses: 
DSM-IV, NINCDS-ADRDA, NINDS-
AIREN
Age, gender, education, APOE 
genotype, cardiovascular 
disease, hypertension, 
hyperhomocysteinemia, basic 
activities of daily living motor 
disability
HR for lowest tertile: 1.00, secodn 
tertile : 0.69 (0.41–1.15), highest 
tertile: 0.58 (0.32–1.06). ACSM 
recommendations: no: 1.00, yes: 0.73 
(0.46–1.15)
Norwegian Cause of Death Registry 
(ICD-10, F00-F03, G30.0-G30.9)
Age, gender, hypertension, total 
cholesterol, BMI, self-reported 
diabetes, smoking, education
HR: inactive: 1.00, light < 3h/wk: 
0.74 (0.62–0.88), Light > 3h/wk: 
0.61 (0.51–0.73), Hard < 3 h/wk: 
0.50 (0.41–0.61), Hard > 3h/wk: 0.56 
(0.43–0.72)
Screening: MMSE, diagnoses 
according to the DSM-IV criteria and 
NINCDS-ADRDA criteria
Age, sex, education, follow-up 
time, locomotor symptoms, main 
occupation during life, income, 
leisure-time and commuting PA 
(or occupational PA), APOE ε4 
genotype, body mass index, blood 
pressure, cholesterol, history of 
myocardial infarction, stroke and 
diabetes mellitus, smoking status
Occupational PA: OR 1.45 (0.66–3.17)  
Commuting PA: sedentary 0.58 
(0.26–1.28), moderate: 1, active 0.46 
(0.10–2.17)
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Source/cohort Subjects at baseline (N), 
subjects at follow-up (n), 
Sex (M for men and F for 
women)
Age at 
baseline
Assessment of PA Follow-up 
(mean in 
years)
(Rovio et al., 2005) 
(Sweden)
N= 2000, n=1449
M, F
50,6 Questionnaire: 1) PA 
causing breathlessness 
and sweating at least 
2x/week 2) PA causing 
breathlessness and 
sweating less than 2x/week
21
(Scarmeas et al., 2009) 
(USA)
N=4165, n=1880
M, F
77,2 1) No PA: median of 0 
hours per week, 2) Some 
PA: 0.1 h/week of vigorous, 
0.8 h/week of moderate 
or 1.3h/week of light or 
a combination thereof, 
3) Much PA: median of 
1.3 h/week of vigorous, 
2.4 h/week of moderate, 
3.8 h/week of light or a 
combination thereof. 
5,4
(Taaffe et al., 2008) 
(Hawaii, USA)
N=3734, n=2263
M
Mean age 
76–79
Self-report of PA: 1) Low: d 
28,7 (oxygen consumption 
index per 24-hours) 2) 
Moderate: 28.8 -32.4 3)
High: t 32,5
6,1
(Tan et al., 2017) (USA) n=3714
M, F
71 The PAI was a composite 
score constructed for each 
participant by weighting 
each hour in their typical 
day based on the their 
activity level (based on 
oxygen consumption or 
metabolic equivalents) 
and summing up these 
weighted hours over a 24-
hour period. Participants 
were asked to report the 
number of hours in a 
typical day spent sleeping 
(weighting factor [WF] = 1) 
and in sedentary (WF = 1.1), 
slight (WF = 1.5), moderate 
(WF = 2.4), and heavy 
activities (WF = 5). PAI 
quintiles. 
7,5
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Assessment of dementia Covariates Main results (ORs and 95% 
conﬁdence intervals for dementia, 
low PA used as a reference group if 
not mentioned otherwise)
MMSE for screening, thorough 
neurological and neuropsychological 
examinations, DSM-IV criteria
Age, sex, education, follow-up 
time, locomotor disorders, APOE 
genotype, vascular disorders (BMI, 
total serum cholesterol, systolic 
blood pressure, history of vascular 
myocardial infarctation, stroke, 
diabetes), smoking (ever vs never), 
alcohol drinking (yes vs no)
Dementia: OR 0.47 (0.25–0.90)
Alzheimer: OR 0.35 (0.16–0.80)
Screening: 15 neuropsychological 
tests, CDR. Diagnoses: DSM-III 
(Revised), NINDS-ADRDA.
Cohort, age, sex, ethnicity, education, 
apolipoprotein E ε4 allele, caloric 
intake, BMI, smoking, depression, 
leisure activities (cognitive or social), 
comorbidity index, baseline CRD 
score, time between ﬁrst dietary and 
ﬁrst PA assessment.
HR: No PA: 1.00, Some PA: 0.71 
(0.51–0.98), Much PA: 0.63 
(0.45–0.90)
Screening: CASI. Diagnoses DSM-
III-R, NINCDS-ADRDA, the criteria 
for California Alzheimer’s Disease 
Diagnostic and Treatment Centers 
for vascular dementia.
Age, education, baseline CASI, BMI, 
midlife systolic and diastolic blood 
pressure, smoking status, cholesterol, 
hypertension, diabetes, coronary 
heart disease, depression. 
HR for men with low physical 
function: low: 1.00, moderate: 0.43 
(0.17–1.09), high: 0.57 (0.23–1.42). 
HR for ment with moderate physial 
function: low: 1.00, moderate: 1.03 
(0.40–2.63), high: 0.49 (0.16–1.48). 
HR for ment with high physical 
function: low: 1.00, moderate: 0.56 
(0.17–1.86), high: 1.57 (0.61–4.00)
Dementia: DSM-IV, Alzheimer’s 
disease:  NINCDS-ADRDA criteria
Age, sex, high school degree, 
APOEε4 allele status, log plasma 
homocysteine, systolic blood 
pressure, diastolic blood pressure, 
antihypertensive 
medication, total cholesterol, current 
smoking, prevalent cardiovascular 
disease, diabetes, stroke, and atrial 
ﬁbrillation
HR for dementia (quintile1 vs. 
quintiles 2–5, while quintile 1 is the 
lowest quintile: 1.47 (1.06–2.04)
172
Appendices
Source/cohort Subjects at baseline (N), 
subjects at follow-up (n), 
Sex (M for men and F for 
women)
Age at 
baseline
Assessment of PA Follow-up 
(mean in 
years)
(Tolppanen et al., 2015) 
(Finland)
N=3559, n=1432
M, F
51 Question: ”How often 
LTPA lasting at least 
20–30 minutes and 
causing breathlessness 
and sweating?” 1), high: at 
least 2–3 times a week 2) 
moderate: once a week or 
2–3 times a month 3) low: 
few times a year or never
28
(Wang, H. X. et al., 2002) 
(Sweden)
N= 1375, n=776
M, F
81,1 PA (swimming, walking or 
gymnastics): frequency 1) 
none 2) less than daily 3) 
daily
6,4
(Wang, S. et al., 2014) 
(USA)
n=1299, n=1249
F
83,3 Self-reported blocks 
walked per day and 
analyzed by tertile
5
(Verghese et al., 2003) 
(USA)
N=488, n=469
M, F
Mean 79–80 Physical activity score: 
Ten physical activities 
(tennis, golf, swimming, 
bicycling, dancing, group 
exercises, team games, 
walking, climbing more 
than two ﬂights of stairs, 
babysitting). For each 
activity: 7 points for daily 
participation, 4 points for 
participating several days 
a week, 1 point for weekly 
participation, 0 points for 
participating occasionally 
or never.
6,6
(Wilson et al., 2002) (USA) N=3838, n= 835, M, F 76,0 Question: Total weekly 
hours of PA
4,1
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Assessment of dementia Covariates Main results (ORs and 95% 
conﬁdence intervals for dementia, 
low PA used as a reference group if 
not mentioned otherwise)
In the re-examination: screening: 
MMSE, diagnosis: according to 
NINCDS-ADRDA criteria. If not in the 
re-examination: from registers 
For the entire cohort: age, sex, 
education, midlife BMI, marital 
status, occupational PA level, 
smoking, cardiorespiratory and 
musculoskeletal conditions. For the  
re-examined: age, sex, education, 
midlife occupational and LTPA level,  
marital status, smoking, cardio-
respiratory and musculoskeletal 
conditions, and change in BMI from 
mid- to late life.  
HRs for the entire cohort: HRs with 
high PA level used as a reference 
group: moderate: 1.46 (1.08–1.99), 
low: 1.39 (0.99–1.95)
DSM-III-R Age, sex, education, baseline MMSE, 
comorbidity, depressive symptoms, 
physical functioning
RR for dementia: No: 1, Less than 
daily: 0.97 (0.42–2.22), Daily: 0.41 
(0.13–1.31)
Screening: 3MS, a measure of global 
cognition, digit span backwards, a 
test of working memory or attention, 
the California Verbal Learning Test 
II Short Form including a delayed 
recall portion, verbal ﬂuency test 
(as many words as possible starting 
with the letter ”f” in a minute, 
category ﬂuency with naming as 
many vegetables as possible within 
a minute and Trails B. Diagnoses: 
DSM-IV (for dementia) and Petersen 
criteria (for MCI). 
Age, education, baseline cognitive 
scores
OR for dementia: lowest tertile: 
reference, second tertile: 0.65 
(0.44–0.97), highest tertile: 0.57 
(0.38–0.85).
DSM-III-R   Age, sex, educational level, the 
presence or absence of chronic 
medical illnesses, baseline score on 
the Blessed-Information-Memory-
Concentration test.
Physical Activity Score (1-point 
increment): HR 1.00 (0.98–1.03)
NINCDS-ADRDA demographic variables (not 
speciﬁed), ε4
OR for AD: 1.04 (0.98–1.10)
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Source/cohort Subjects at baseline (N), 
subjects at follow-up (n), 
Sex (M for men and F for 
women)
Age at 
baseline
Assessment of PA Follow-up 
(mean in 
years)
(Yamada et al., 2003) 
(Japan)
N=2463, n=1774
M, F
30–79 Questionnaire: PA 
index calculated from 
occupational and leisure 
activities
25-30
(Yoshitake et al., 1995) 
(Japan)
N=887, n=885
M, F
Mean age 
73–74
1) Physically active: daily 
exercise during the leisure 
period or moderate to 
severe PA at work 2) Not 
physically active
7
Abbreviatios: ADL= Activities of daily living, CAMDEX= Cambridge Examination for Mental Disorders in the Elderly, 
CANTAB= Cambridge Neuropsychological Automated Battery, CASI= Cognitive Ability Screening Instrument, CDR= 
Clinical Dementia Rating, DSM-III-R= The Diagnostic and Statistical Manual of Mental Disorders 3rd edition revised, GMS= 
Geriatric Mental Schedule, HVLT= Hopkins Learning Verbal Test, IADL= Instrumental activities of daily living, IQCODE= 
Informant Questionnaire on Cognitive Decline in the Elderly, NINDS-AIREN = National Institute of Neurological Disorders 
and Stroke and Association Internationale pour la Recherché et l’Enseignement en Neurosciences, TICSm = modiﬁed 
TICS 
175
Assessment of dementia Covariates Main results (ORs and 95% 
conﬁdence intervals for dementia, 
low PA used as a reference group if 
not mentioned otherwise)
Screening: CASI. Diagnoses: DSM-IV. Age, sex, education Results for PA not shown, but is said 
”no signiﬁcant effect”
DSM-III-R, NINCDS-ADRDA or 
autopsy. 
Age, sex, systolic blood pressure, 
stroke, alcohol consumption, 
Hasegawa’s dementia scale at 
baseline, diabetes, hematocrit
For VD: RR 0.81 (0.42–1.57) in age-
adjusted model, for AD: RR 0.20 
(0.06–0.68)
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Appendix III. Case-control studies assessing physical activity and cognition 
or dementia
Source/cohort Country
Subjects at baseline 
(N), subjects at  
follow-up (n)
Sex Age at baseline
Assessment of  
physical activity
(Andel et al., 
2008)
Sweden N=4506, n=3134 M, F 48,1 1) hardly any 2) light exercise 
(such as walking or light 
gardening) 3) regular exercise 
involving sports 4) hard 
physical training
(Gelber et al., 
2012) 
Hawaii, USA N=3734, n=3468 M 52 Structured interview: Highest 
quartile of slight or moderate 
PA, corresponding to a 
mean (SD) of 7.2 (3.2) hours 
typically spent in slight 
activity per day or 4.4 (3.0) 
hours in moderate activity
177
Follow-up 
(mean in 
years)
Assessment of cognitive 
function Covariates
Main results   (ORs and 95% 
conﬁdence intervals for 
dementia, low physical activity 
used as a reference group if not 
mentioned otherwise)
31 screening: telephone screening, 
diagnosis: in-person clinical 
evaluation
age at cognitive screening, 
gender, education, smoking, 
alcohol consumption, portion 
of fruits and vegetables in diet, 
BMI, angina pectoris
OR: hardly any: 1.00, light 0.63 
(0.43–0.91), regular 0.34 (0.16–
0.72), hard: 0.70 (0.43–1.24)
25 DSM-III age, years of education, APOE 
e4 status, childhood years spent 
in Japan, occupational status, 
high cholesterol, and history of
hypertension, diabetes, and 
cardiovascular disease
For low PA: HR 1.59 (95 % CI 
1.15–2.18)
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